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INTRODUCTION  AND 
SUMMARY 

1.1  Summary  of  Volume  11 

This  volume  describes  the  detailed  design  and  final  implementation  of  the  software 
for  the  3D/4D  Base  and  IIS  and  20/Time  Control  Systems.  The  systems  were  con- 
structed by  modifying  the  software  structure  used  for  the  ANS-70A  Area  Navigation 
System. 

A description  of  the  3D/4D  software  effort  requires  some  knowledge  of  the  ANS-70A 
software  structure.  A brief  functional  description  of  the  ANS-70A  software  is 
given  in  the  following  paragraphs. 

Sections  2 and  3 describe  the  software  modifications  used  to  effect  the  BASE  and 
2D/T ime  Control  Systems  respectively.  Section  4 presents  the  RNAV  to  1LS  inter- 
face design  procedure.  Sections  5 and  6 present  the  development  of  the  lateral 
and  longitudinal  control  laws  respectively.  Program  listings  are  found  in  the 
appendices. 

1.2  Overview  of  ANS-70A  Software  System 

The  ANS-70A  software  system  has  several  different  priorty  levels.  The  highest 
level  of  software  functions  have  been  assigned  to  processor  channels.  Each  channel 
is  allocated  processing  time  on  a sequential  basis.  Channels  of  particu’ar  interest 
for  the  present  treatment  are  the  Navigation  and  CDU  Application  Channels.  Major 
functions  assigned  to  these  channels  are  illustrated  in  Figures  1-1  and  1-2. 

The  classification  of  major  functions  for  the  Navigation  Channel  remains  unchanged 
for  the  30/ 4D  systems.  Secondary  functions  have  been  added  to  the  software 
modules  that  support  the  major  task:,  af  Aircraft  Systems  Coupler  (ASC)  Input, 

Lateral  Navigation,  and  ASC  Output.  Navigation  tasks  that  are  unique  to  the 
3D/4D  Base  and  2D  Plus  Time  Control  systems  are  described  in  Sections  2.0  and 
3.0  respectively. 
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the  CDU  Channel.  In  addition  to  providing  software  for  the  CDU  interface, 
this  channel  supervises  tasks  related  to  navigation  support  and  Flight  Plan 
Management. 

' j 

Background  support  for  the  navigation  function  is  provided  by  routines  called 
the  Radio  Selection  Program,  Kalman  Filter,  and  the  Flight  Plan  Monitor.  Each 
of  these  programs  is  called  on  a cyclic  basis  by  the  CDU  Main  Program.  The 
first  two  routines  are  used  without  modification  for  the  3D/4D  systems. 

The  Flight  Plan  Monitor  serves  as  an  interface  between  the  Navigation  software 
and  the  Flight  Plan  Editor.  A primary  task  for  the  Flight  Plan  Monitor  con- 
sists of  retrieving  flight  plan  parameters  required  by  the  Lateral  and  Vertical 
Navigation  routines.  Another  major  task  consists  of  supervising  flight  plan 
maintenance  that  is  required  at  waypoint  passage.  3D/4D  modifications  to  the 
Flight  Plan  Monitor  are  given  in  later  sections  of  this  volume. 

Figure  1-3  illustrates  software  interfaces  that  are  required  for  Flight  Plan 

i 

Management.  Initial  verification  of  flight  plan  revisions  entered  via  the 
CDU  are  performed  by  the  CDU  Software.  If  a given  revision  fails  initial  tests, 

I 

processing  of  the  entry  is  discontinued  and  error  annunciation  is  given  on 

the  CDU  scratchpad.  Valid  revisions  are  recorded  in  the  Flight  Event  Table  by  i 

calling  the  Flight  Plan  Editor.  Flight  Plan  parameters  required  by  the 

♦ 

Navigation  software  are  then  updated  by  the  Flight  Plan  Monitor. 

i 

i 
t 

In  addition  to  recording  flight  plan  revisions,  the  Flight  Plan  Editor  performs 
all  geometry  computations  that  are  required  as  internal  flight  plan  parameters 
(e.g.,  distance  and  course  information).  The  impact  of  Base  Offsets  on  the 
Flight  Plan  Editor  is  treated  in  Section  2.2. 
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Section  2 
3D/4D  BASL  SYSTEM 

A major  goal  for  the  software  design  stage  was  to  c istruct  a software  package 
that  minimized  the  impact  of  3D/4D  operational  requirements  on  the  existing 
ANS-70A  Software  Interfaces.  In  addition  to  ensuring  system  integrity, 
additional  goals  consisted  of  ensuring  flexibility  for  additional  changes  and 
minimizing  core  requirements  to  the  extent  that  software  overlays  could  be 
avoided. 

A core  reduction  effort  was  required  before  the  30/40  tasks  could  be  added  to 
the  ANS-70A  configuration.  Approximately  500  words  of  core  were  freed  for 
3D/4D  usage  by  deleting  software  for  Holding  Patterns,  the  Inertial  mode  of 
navigation,  Heading  and  Armed  modes,  and  Connianded  Vertical  Angle.  An  addi- 
tional 1500  words  were  gained  by  reducing  the  Data  Base  to  1000  words. 

Once  the  core  reduction  effort  was  completed,  the  following  major  software 
tasks  were  implemented: 

1)  External  Data  Files 

2)  Base  Offsets 

3)  Speed  Page 

4)  Speed  Profile  Algorithm 

5)  Time  Control  Algorithm 

6)  Navigation  Modifications 

7)  ASC  Modifications 

Each  of  these  items  is  explained  in  detail  by  sections  2.1  through  2.6. 

Software  and  data  interfaces  required  for  the  major  software  tasks  are  illus- 
trated in  Fiourcs  2.1  through  2.3.  Routines  for  Base  Offsets,  the  Speed  Page, 
the  Speed  Profile  Algorithm,  and  the  Time  Control  Algorithm  are  supervised  by 
the  CDU  Main  Control  Program.  The  ASC  interface  and  navigation  computations 
are  controlled  by  the  Navigation  Main  Control  Program. 
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NAVIGATION 


SOFTWARE  INTERFACES  FOR  BASE  OFFSETS 
FI  GORE  2-1 


SOFTWARE  INTERFACES  FOP  TIME  CONTROL 
FIGURE  2-2 


2.1  External  Data  Piles 


Program  descriptions  given  in  later  sections  of  this  volume  reference  data 
parameters  whose  data  declarations  are  external  to  the  given  programs.  The 
purpose  of  this  section  is  to  provide  data  descriptions  for  this  external 
data  set. 

Data  parameters  required  by  more  than  one  program  have  been  classified  by 
function  into  three  basic  categories.  Separate  compilation  units  have  been 
assigned  to  each  class  of  parameters  for  core  allocation  purposes.  Each  unit 
has  been  given  a corresponding  INSERT  file  which  provides  data  declarations. 
Programs  that  require  data  declarations  for  a given  function  include  an  INSERT 
statement  for  the  appropriate  file. 

The  three  basic  EXTERNAL  data  files  used  for  the  Base  System  are  1)  3D/4D 
External  Data  File,  2)  Flight  Plan  Editor  File,  and  3)  the  Navigation  Global 
Tables  File.  A description  of  the  data  parameters  assigned  to  each  file  is 
given  below. 

2.1.1  3D/4D  External  Data 

The  majority  of  EXTERNAL  variables  that  are  unique  to  the  3D/4D  Task  II  effort 
are  defined  by  the  3D/4D  External  Data  Insert  and  3D/4D  External  Data  Preset 
files.  Data  definitions  for  this  set  of  variables  are  given  below. 

Symbolic  Name  Asssigned  Value  Description 

VALID  0 Used  to  assign  a valid  status  to  3D/4D 

Integer  parameters  that  are  treated 

as  boolean  data. 

INVALID  1 Used  to  assign  an  invalid  status  to 

the  same  set  of  Integer  parameters 
described  for  the  VALID  synonym. 
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The  following  list  of  synonyms  are  used  for  VCOMIF. 


Synonym 

Assigned 

IAS  Data 

Description 

Name 

Value 

Display  On 

Progress 

Page 

1ASVALID 

15 

Value  of  IAS  A valid  comnanded  IAS  has  been 

that  is  main-  calculated  by  the  Time  and  Speed 
tained  In  Control  aloorithm. 

VCOMI . 

NODATA 

31 

— 

No  IAS  has  been  entered  on  the 
Speed  Page. 

IV  GMT 

14 

GMT? 

Either  GMT  has  not  been  entered 
or.  the  Present  Position  Page,  or 
a power  interrupt  of  duration 
exceeding  two  seconds  has 
Invalidated  GMT. 

IVTAS 

13 

TAS? 

The  Air  Data  Sensor  input  for  TAS 
is  invalid. 

IVALT 

11 

ALT? 

The  Altimeter  Sensor  input  for 

Baro  Altitude  is  invalid. 

IVCOCH 

7 

CRS! 

A Teardrop  Procedure  is  required 
to  capture  at  least  one  of  the 
legs  used  for  Time  Control 
computations . 

Integer  Declarations 

Symbol i c 

Name  Initial 

Value 

Description 

I ASMS K 

"FFFFFFOO" 

Mask  used  in  "AND"  operations  for  the 
removal  of  the  IASF  component. 

TFIX 

0 

ASCII  identifier  of  the  waypoint 
assigned  as  the  Time-Fix. 

TCOM 

0 

Commanded  time  of  arrival  for  the 
Tine-Fix.  TCOM  is  recorded  in  GMT 
units  (i.e.,  as  a fraction  of  1200 
hours). 

TFIXF 

Invalid 

Validity  flag  for  TFIX.  ! 

| 

VCOMIF 

Invalid 

Validity  flag  for  VCOMI  and  VCOMT. 

TCOMF 

Invalid 

Validity  flag  for  TCOM. 

TIMERF 

Invalid 

Validity  flag  for  TIMERR. 

COMPRF 

INVALID 

Validity  flag  that  is  assigned  a VALID 
status  by  the  Flight  Plan  Monitor  when- 

ever  a flight  plan  revision  has  occur. ed. 
SPDPRF,  the  Speed  Profile  Routine,  assigns 
an  INVALID  status  to  COMPRF  whenever 
speed  profile  computations  are  performed. 
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Initial  Value 


Description 


l 


TCONF  INVALID  Validity  flag  that  is  assigned 

a VALID  status  by  the  speed  pro- 
file routine  whenever  speed  pro- 
files are  updated.  TCONF  is 
assigned  an  INVALID  status  when- 
ever Time  Control  computations 
are  performed. 

Real  Declarations 


Symbolic  Name 

Initial  Value 

Description 

MINR 

. 0000000 31 

Minimum  magnitude  that  REAL  num- 
bers may  be  assigned  on  the 

U-1108. 

VCOMI 

.050 

Commanded  IAS  displayed  on  the 

Flight  Progress  Page  and  IAS  in- 
strument. VCOMI  is  a fraction  of 

1000  kts. 

VCOMT 

.050 

Commanded  TAS  calculated  by  the  Speed 
and  Time  Control  Algorithm. 

MINRATE 

.038566097 

Value  of  40  kts/min  Speed  Gradient. 
MINRATE  = l/{  (40  KT/MIN)/ ( 1COO  KT  LAT 
VEL  BASE)  * 60  M1N/HR  * 
10.8039624  HRS  LAT  TIME  BASE  } 

EARLY 

.0 

Expected  arrival  time  error  for  the 

Time-Fix.  EARLY  is  expressed  in  Lat- 
eral Navigation  Time  Units.  The  Early 
Lat:  Display  on  the  Flight  Progress 
F,ge  is  based  on  the  value  of  EARLY. 

A positive  value  indicates  a late 
status. 

TIMERR  .0  Magnitude  of  EARLY.  TIMERR  is  used 

by  the  CDU  software  for  display  of 
EARLY/LATE  data  on  the  Progress  Page. 


2.1.2  Flight  Plan  Editor  Files 


Lateral  and  vertical  flight  plan  parameters  maintained  by  the  Flight  Plan 
Editor  are  illustrated  in  Figures  2-4  and  2-5.  The  IASR,  IASI,  IASF, 

POFSI , and  POFSIC  components  are  the  only  parameters  that  are  unique  to  the 
3D/4D  systems.  Descriptions  for  this  set  of  parameters  are  given  below. 

The  component  structure  for  IAS  parameters  is  given  as  follows: 

0 23  24  31 

1 AS  I / 1 ASP.  IASF 

The  IASF  component  is  used  to  record  the  status  of  the  IAS  entry.  Synonyms 
used  for  this  parameter  are  given  below. 


Synonym  Name 

Assiqned  Value 

Description 

PIAS 

7 

Pilot-Defined  IAS. 

PRQUOTE 

11 

Profile  IAS  Displayed  on  the  Speed 
Page  as 

PRDOWN 

13 

Profile  IAS  Displayed  on  the  Speed 
Page  as  i . 

PRUP 

14 

Profile  IAS  Displayed  on  the  Speed 
Page  as  4“  . 

NOIAS 

15 

No  IAS  Specified. 

The  first  24  bits  of  the  entry  are  used  to  record  the  actual  IAS  magnitude  as 
a REAL-valued  fraction  of  1000  kts.  Although  real  arithmetic  operations  are 
required  for  the  3D/4D  Speed  Control  and  Profile  Algorithms,  it  is  also 
necessary  to  provide  the  capability  of  integer  masking  operations  for  the  IASF 
component.  Thus,  the  user  is  provided  with  both  REAL  (IASR)  and  INTEGER  (IASI) 
component  declarations  for  the  IAS  parameter. 
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r 

word 

HUMBER 

LABEL 

MEANING 

-3 

VERS 

Current  night  Plan  Version  (VERSFE) 

-2 

ABEVflO 

Absolute  Event  Number  for  Event 

-1 

CNTRWORD 

Control  Word 

0 

WYPTFD 

Waypoint  ID 

1 

WYPTLAT 

Waypoint  Latitude 

2 

WYPTLOtiG 

Waypoint  Longitude 

3 

WYPTVAR 

Magnetic  Variation  (Not  Supplied  by  the  Editor) 

4 

POFS/POFSF 

Parallel  Offset  (POFSFE) 

5 

AOFS 

Along  Track  Offset  and  Status 

6 

DFTO 

Distance  from  "TO”  LE 

7 

APOF 

Along  Path  Offset  (Always  = AOFS) 

8 

CRSI 

Course  In 

9 

CRSO 

Course  Out 

10 

AWYID 

Airway  10 

n 

IASR'IASl 

IASF 

Indicated  Airspeed  Word  and  Flag 

FIGURE  2-4 

Lateral  Event  Parameters  Maintained  by  the 
Flight  Plan  Editor 
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WORD 

NUMBER 

LABEL 

MEANING 

-3 

VERS 

Current  Flight  Plan  Version  (VERSFE) 

-2 

ABEVNO 

Absolute  Event  Number  for  Event 

-1 

CNTRWORD 

Control  Word 

0 

WYPTID 

Waypoint  ID 

1 

WYPTLAT 

Waypoint  Latitude 

2 

WYPTLONG 

Waypoint  Longitude 

3 

WYPTVAR 

Magnetic  Variation  (Not  Supplied  by  Editor) 

4 

POFS 

Parallel  Offset  (POFSFE) 

FIGURE  2.5 

Vertical  Event  Parameters  Maintained  by  the 
Flight  Plan  Editor 


5 

AOFS 

Along  Track  Offset 

6 

DFTO 

Distance  from  "TO”  LE 

7 

APOF 

Along  Path  Offset  (Always  = AOFS) 

8 

VPAI 

Vertical  Path  Angle  In 

9 

VPAO 

I Vertical  Path  Angle  Out 

10 

ALTO 

; Altitude  at  VE 
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The  POPS  component  is  used  to  record  both  parallel  and  base  offsets.  This 
component  is  defined  as  follows: 


P0F3/P0FSI  POFSF 

Ease  and  Parallel  offsets  are  trea«.ed  as  Real-valued  fractions  of  r,  times 
the  radius  of  earth  in  nautical  miles.  The  component  declarations  for  POFS , 

POFSI,  and  POFSF  are  similar  in  structure  to  1ASR,  IASI,  and  IASF,  respec- 
tively. Synonyms  applicable  to  the  POTSF  component  are  given  below.  Figure 
2-6  illustrates  the  Base  Leg  waypoints  identified  by  the  POTSF  synonyms. 

POFSF  Synonyms 

Symbolic  Name  Assigned  Value  Description 

PARALLEL  7 Identifies  Parallel  Offset  Entry.  The 

synonym  "PARALLEL"  serves  a dual  purpose. 

The  Flight  Plan  Editor  monitors  the  POFSF 
component,  for  one-tc-one  replace  edits  to 
determine  the  Insertion/Deletion  of  Parallel 
Offsets  for  the  Flight  Plan.  Procedures 

i 9 

that  use  the  Flight  Plan  Editor  "GET"  rou- 
tines test  the  POFSF  component  for  a value  ! 

of  "PARALLEL"  to  determine  the  existence 

t 

of  a Parallel  Offset.  1 

t 

BASEOFST  3 Identifies  the  POFSI  component  as  a base  , 

I 

offset.  This  value  is  used  to  inform  the  ' 

Flight  Plan  Editor  that  the  Flight  Plan 
Revision  is  for  a Base  Offset. 
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with  a base  offset  that  provides  a 
90  degree  capture  with  the  localizer 
leg.  ! 


END90 

11 

Identifies  final  waypoint  associated 
with  a base  offset  that  provides  a 

90  degree  localizer  capture. 

STRT6ASE 

12 

Identifies  initial  waypoint  associated 
with  a base  offset  that  provides  a 
shallow  capture  of  the  localizer  leg. 

ENDBASE 

10 

Identifies  waypoint  whose  CRSI  compon- 
ent defines  the  Base  Leg  for  a Base 
Offset  defined  for  a shallow 
localizer  capture  angle. 

INTERCEP 

9 

Identifies  waypoint  whose  CRSI  and 

CRSO  components  define  the  intercept 
point  for  localizer  capture. 

NOPOFS 

15 

No  offset  entry  has  been  made. 

CANCEL 

14 

Identifies  an  edit  that  cancels  an 
existing  offset. 

POFSE  is  used  to  record  the  value  of  an  existing  Parallel  or  Case  Offset. 
PFSTAT  is  used  to  record  the  present  status  of  offsets.  Synonyms  PARALLEL, 
BASEOFST,  and  NOPOFS  are  used  to  indicate  offset  status. 

With  the  exception  of  the  Flight  Plan  Editor,  POFSFE  and  PFSTAT  are  treated  as 
read-only  parameters.  Any  requirement  to  change  the  offset  parameters  is 
accomplished  via  a one-to-one  replace  edit  with  the  desired  change  specified 
via  the  POFS  component. 


1/ 
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2.1.3  Navigation  Global  Tables 

External  parameters  required  for  navigation  computations  are  stored  in  the 
Navigation  Global  Tables.  A single  version  of  this  file  is  used  for  all  three 
Task  II  systems.  The  remaining  portion  of  this  section  describes  3D/4D  modi- 
fications to  the  Navigation  Global  Tables. 

The  ANS-70A  version  of  the  ADHD  table  has  been  expanded  to  include  sensor 
inputs  for  Indicated  Airspeed  Crror,  Localizer  Deviation,  Glideslope  Deviation, 
and  IIS  I Course  Input.  A description  of  the  ADHD  components  used  for  the  3D/4D 
systems  is  given  below. 


Symbol ic 
Name 

Component 

Position 

Description 

Validity 

flag 

LAT 

0 

Aircraft  Latitude  as  maintained 

N/A 

by  the  Lateral  Filter. 

LONG 

1 

Aircraft  Longitude  as  maintained 

N/A 

by  the  Lateral  Filter. 

PSIM 

2 

Magnetic  Heading 

PSMF 

BALT 

3 

Barometric  Altitude 

BALF 

TAS 

4 

True  Air  Speed 

TASF 

VRT 

5 

Vertical  Rate  (not  input  for  the 

N/A 

3D/4D  system) 

PALT 

6 

Pressure  Altitude  (not  input  for 

N/A 

the  3D/4D  system) 

DELV 

7 

Indicated  Air  Speed  Error 

DELVF 

LOC 

8 

Localizer  Deviation 

LOCF 

GS 

9 

Glideslope  Deviation 

GSF 

HSICRS 

10 

MSI  Course  Input 

HSICRSF 
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' 

ANS-70A  Lateral  Deviation  computations  always  reference  the  parent  waypoint  of 
the  Lateral  To-fvent.  Similar  computations  for  the  3D/4D  system  use  the  leg 
intersection  of  the  path  actually  being  flown  as  the  frame  of  reference.  The 
following  set  of  parameters  is  used  for  this  task: 

Symbol ic 

Marne  Description 

TOUT.  Array  used  to  record  the  coordinates  of  the  leg  intersection 

defined  for  the  Lateral  To-Event. 

BFLEG  Work  area  used  to  record  hearing  from  the  leg  intersection 

to  the  aircraft. 

BTLCG  Work  area  used  to  record  bearing  from  the  aircraft  to  the 

leg  intersection. 

Dll  LG  Distance  between  the  aircraft  and  the  oncoming  leg  intersection. 

Parameters  used  to  record  ASC  input  discretes  that  ore  unique  to  the  3D/4D 
systems  are  given  below. 

Symbol ic 

Name Description 

APFNG  Status  of  the  Auto-Pi lot-Er.gaged  discrete.  APFNG  is  assigned  a 

TRUE  status  whenever  the  Area  Mav  system  is  coupled  to  the  Auto- 
Pilot. 

RNAVF.1IG  Status  of  the  RNAV-Engaged  discrete.  RNAVl'IIG  is  assigned  a TRUT 
status  whenever  the  RNAV  system  provides  lateral  navigation  and 
possibly  lateral  steering. 

VNAVLNG  Status  of  the  VNAV-Engaged  discrete.  VNAVENG  is  assigned  a TRUT 
status  whenever  the  RNAV  system  provides  vertical  navigation  and 
possibly  vertical  steering. 
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2.2  Base  Offsets 

Figure  2-6  illustrates  the  software  interfaces  that  have  been  implemented 
for  the  Base  Offset  function.  The  key  interface  is  provided  by  the  Flight 
Plan  Fditor  Utility  Module.  A description  of  this  module  will  follow  a brief 
summary  of  the  roles  played  by  the  CDU  Line-Select  and  Flight  Plan  Monitor 
modules. 

Classification  of  a COU  scratch-pad  entry  as  a candidate  for  a Case  Offset  is 
performed  by  the  COU  software.  Base  Offset  entries  are  permitted  for  waypoints 
that  appear  on  the  Flight  Plan,  Progress,  or  Speed  pages.  Valid  candidates 
are  passed  onto  the  Flight  Plan  Editor  Utility  Module  for  additional  processing. 
"ERROR"  is  annunciated  on  the  scratch-pad  if  either  of  the  following  conditions 
invalidates  the  edit:  range  tests  are  failed,  or  the  existing  flight  plan 
already  includes  a parallel  offset. 

Automatic  cancellation  of  an  existing  Base  Offset  occurs  following  passage  of 
the  last  waypoint  associated  with  the  given  offset.  This  task  is  performed  by 
the  Flight  Plan  Monitor.  The  Base  Offset  is  cancelled  whenever  waypoint 
passage  occurs  for  the  waypoint  whose  POFSF  component  has  an  assigned  value 
of  INTERCEP  or  END90. 

The  Flight  Plan  Editor  Utility  Module  provides  an  interface  between  the  CPU 
software  and  a modified  version  of  the  ANS-70A  night  Plan  Editor.  All  flight 
plan  revisions  entered  by  the  pilot  are  routed  through  this  module.  Most  of 
the  major  software  tasks  required  for  the  Base  Offset  function  are  provided  by 
this  module.  The  remaining  portion  of  the  section  provides  a description  of 
tasks  that  have  been  implemented  for  the  Flight  Plan  Fditor. 

A primary  task  consists  of  verifying  geometry  requirements  for  Base  Offset 
entries.  Figure  2-7  illustrates  the  basic  geometries  for  Base  Offsets. 
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Geometry 
follows : 


requi rements 

(1)  X = 
and 

(2) 

X = 

and 

and 

and 


for  the  Two-Waypoint  configuration  are  given  as 
||C0CH(Wi_1)|-90°|£2° 

|POFS(WKPTR) |*(nX/180°)<0.2  NM 

I 

||[  Z COCH (W j) I -180° 1^2° 

J = I- 1 

(POFS(WKPTR) | *(nX/180°)<0. 2 NM 
Y = 1 1 COCH  ( Wj ) | -90° 

|POFS(wXPTR) | *(nY/180°)<p.2  NM 


Geometry  tests  that  must  +e  performed  for  the  Three-Waypoint  configuration 
are  given  as: 

(1)  X = | ICOCHfWj  -j ) |-90°  1^2° 

and  | POFS (WKPTR) |*(nX/180°)<0.2  NM 

1+1 

(2)  X = ||[  r C0CH(W  )] | -90° I <2° 

J = I J 

and  IP0FS(UKPTR)I*(;;X/180°)10.2  NM 

1+1 

and  Y = ||[  t C0CH(W1)]|-130o|<2° 

J = 1-1  J 

and  JPOFS(WKPTR) |*(nY/180)_<0.2  NM 


This  set  of  tests  is  intended  to  provide  protection  against  absurd  offset 
geometries . If  the  geometry  is  found  to  be  valid,  POFS  and  POFSF  components 
are  updated  for  the  offset  waypoints  and  recorded  in  the  Flight  Event  Table. 

If  the  geometry  requirements  are  not  mot , control  is  returned  to  the  CDU  soft- 
ware. In  either  case,  a return  argument  is  used  to  indicate  the  status  of 
the  Base  Offset  entry. 
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A second  major  task  consists  of  enforcing  a set  of  operational  rules  that 
have  been  imposed  c Jl  flight  plan  revisions.  The  purpose  of  this  set  of 
rules  is  to  insure  that  flight  plan  revisions  do  not  invalidate  the  geometry 
for  an  existing  Base  Offset. 

Special  operational  rules  are  required  for  DIRECT  TO  entries.  As  with  the 
AMS-70A  system,  an  existing  Parallel  Offset  is  cancelled  whenever  a valid 
DIRECT  TO  revision  is  made.  A Base  Offset,  however,  is  cancelled  only  if  the 
resulting  flight  plan  revision  affects  the  Base  Offset  waypoint  configuration. 
A summary  of  the  logic  used  to  cancel  Base  Offsets  for  DIRECT  TO  entries  is 
given  in  Table  2-1 . 

Operational  rules  that  are  implemented  for  remaining  flight  plan  revisions  are 
given  as  follows: 

1)  A Base  Offset  entry  is  to  be  inhibited  whenever  the  current  flight 
plan  includes  a Parallel  Offset.  The  converse  is  also  true,  i.e., 
a Parallel  Offset  entry  is  not  allowed  for  c flight  plan  that 
already  includes  a Base  Offset. 

2)  The  magnitude  of  an  existing  Base  Offset  may  be  revised  at  any  time. 

A Parallel  Offset  may  be  overwritten  at  any  time  by  entering  another 
Parallel  Offset  into  the  flight  plan. 

3)  Mo  flight  plan  revision  is  allowed  that  would  change  the  geometry 
of  an  existing  Base  Offset  configuration. 

Table  2-2  provides  a sunmary  of  the  logic  that  has  been  implemented  for  the 
abo.e  set  of  rules.  PFSTAT,  which  appears  in  the  table,  is  a parameter  which 
is  used  to  record  current  offset  status.  PFSTAT  has  three  possible  states: 
BASEOFST,  PARALLEL,  or  MOPOFS.  POFSF  is  an  input  parameter  that  is  used  to 
identify  a flight  plan  revision.  POFSF  is  assigned  one  of  4 possible  states 


by  the  calling  program:  P.ASEOFST,  PARALLEL,  NOPOFS,  or  CANCEL.  A description 


of  this  set  of  data  parameters  is  given  in  Section  2.1.2. 

The  Utility  Module  provides  four  routines  that  are  called  by  the  CDU  software. 
The  ADDAD  and  REPl.YAD  routines  are  used  for  all  flight  plan  revisions  that 
occur  on  the  Flight  Plan,  Speed,  and  Progress  pages.  The  ADDDIR  and  REPDIR 
routines  are  called  for  DIRECT  TO  edits.  Program  listings  for  this  set  of 
routines  are  given  in  Appendix  A. 


C DU  MAIN 
CONTROL 


FIGURE  2-6 

Software  Interfaces  for  Rasp  Offsets 


t 


Typo  of  DIRECT  TO 

DIRECT  TO  the  TO- 
Waypoint 

DIRECT  TO  the 
Scratchpad  entry 

D’RECT  TO  a waypoint 
in  the  flight  plan  other 
than  the  TO-Waypoint 


Requirements  for  cancelling  an 
existing  Ease  Offset 

The  TO-Waypoint  must  be  a Base 
Offset  waypoint. 

The  TO-Waypoint  must  be  a Base 
Offset  waypoint. 

The  flight  plan  must  contain  a 
Base  Offset  waypoint  that  is 
entered  either  at  or  before  the 
"DIRECT  TO  waypoint." 


TABLE  2-1 

Operational  rules  used  to  cancel  Base  Offsets 
for  DIRECT  TO  entries 
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2.3  Speed  Profile  Algorithm 

Software  interfaces  required  for  implementation  of  the  Speed  Profile 
Algorithm  are  shown  in  Figure  2-8.  An  IAS  entry  on  the  Speed  Page  is 
recorded  as  a flight  plan  parameter  in  the  Flight  Event  Table.  A des- 
cription of  the  IAS  parameter  was  given  in  Section  2.1.2. 

Speed  profile  computations  are  implemented  within  the  COU  channel  by  a 
routine  called  SPCFRF.  Computations  are  performed  whenever  a flight  plan 
revisions  occurs. 

Special  logic  is  required  for  the  From-Waypoint.  This  waypoint  is  always 
treated  as  a speed-control  waypoint  whenever  the  flight  plan  contains  an 
IAS  entry.  This  is  done  to  ensure  that  a speed  profile  presently  being  flown 
will  not  be  changed  at  waypoint  passage. 

The  task  description  for  SPDPRF  is  given  below.  A diagram  illustrating  the 
use  of  program  parameters  is  given  in  Figure  2-9.  A program  listing  of 
SPDPRF  is  given  in  Appendix  B. 
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Task  Specification  for  SPOPRF 


Procedure  Type 

Integer  Procedure  SPDPRF 


Module 


3D/4D  Time  and  Speed  Algorithms 
Task  Summary 

Speed  profile  computations  are  performed  for  all  lateral  events  that  are  not 
considered  to  be  speed-control  waypoints.  (Speed-Control  waypoints  are  way- 
points  for  which  speed  has  been  entered  via  the  CDU.)  The  lateral  FROM-event 
is  treated  as  a speed-control  waypoint  to  ensure  that  a speed  profile  presently 
being  flown  will  not  change  at  waypoint  passage.  Results  of  profile  computa- 
tions are  recorded  in  the  IASR/IASI/IASF  component  structure  for  lateral  events. 

Notation 

W(J)  Used  to  denote  the  Jth  lateral  event 

IASR(J)  Used  to  denote  the  value  of  the  JASR  component  for  W(J).  Similar 
notation  is  used  for  other  components  defined  by  the  Flight  Plan 
Editor. 

Internal  Data  Structures 
Integer  Data 
FRST 


LAST 


FRST. STATUS 
LAST. STATUS 
J 


Absolute  Lateral  Event  Number  Index  for  the  initial  speed- 
control  waypoint  of  a given  profile. 

Absolute  Lateral  Event  Number  Index  for  the  final  speed- 
control  waypoint  of  a given  profile. 

Used  to  record  the  validity  of  FRST  for  a given  profile. 

Used  to  record  the  validity  of  LAST  for  a given  profile. 

Absolute  Event  number  of  the  Jth  lateral  event. 
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Real  Data 


PROFDST 

The  along-track  distance  between  W(FRST)  and  W(LAST). 

DVEL 

The  velocity  change  between  W(J-l)  and  W(LAST). 

DJ 

The  along-track  distance  between  W(J-l)  and  W(J). 

OELDIST 

The  along-track  distance  between  W(J)  and  W(LAST). 

T1 

The  time  required  to  fly  from  W(J-l)  to  W(LAST)  at  a 
rate  of  40  knots/minute. 

AVEV 

The  average  velocity  required  for  a linear  speed  profile 
between  W(J-l)  and  W(LAST). 

T2 

The  time  required  to  fly  from  W(J-l)  to  W(LAST)  assuming 
a constant  velocity  of  AVEV. 

DPP 

The  distance  required  to  realize  a velocity  change  of 
DVEL  at  the  rate  of  greater  than  or  equal  to  40  knots/ 
minute. 

Calling  Sequence 

SPDPRF () 

Return  Values 

Speeds  assigned  to  intermediate  profile  points  are  recorded  in  the  Flight 
Plan  Editor's  FET  structure. 

Task  Description 

IF  a flight  plan  revision  has  occurred  since  the  last  speed  profile  computation 
THEN 

BEGIN  ...  SPDPRF  loop. 

Starting  with  the  FROM-waypoint,  scan  the  flight  plan  for  a speed  entry. 

IF  no  speed  entry  has  been  found 
THEN 

BEGIN  No  Speed  Entry  loop. 

Update  bookkeeping  to  indicate  that  another  attempt  to  compute  speed 
profiles  is  not  required  for  the  present  flightplan  (this  is  intended 
to  assist  CDU  keyboard  response  time). 


RETURN  to  calling  program. 

END  No  Speed  Entry  loop. 

Assign  the  first  speed  to  the  FROM-waypoint. 

Tag  the  FROM-waypoint  as  FRST. 

Assign  VALID  to  FRST. STATUS. 

WHILE  FRST. STATUS  EQL  VALID  DO 
BEGIN  ...FRST  Valid  loop 

Assign  INVALID  to  LAST. STATUS 

Starting  with  W(FRST+1)  scan  the  flight  plan  for  a speed-control 
waypoint. 

IF  the  speed-control  waypoint  is  found 
THEN 

BEGIN  .. .LAST  Valid  loop 

Assign  VALID  to  LAST. STATUS. 

Tag  the  speed-control  waypoint  as  LAST. 

Determine  PROFDST,  the  along- track  distance  between  W(FRST) 
and  W(LAST) . 

IF  LAST  NEQ  ( FRST + 1 ) ...Note  that  speed  profile  computations, 
i.e.,  the  Profile  loop,  will  be  bypassed  if  successive  lateral 
events  are  defined  as  speed-control  waypoints. 

THEN 

BEGIN  .. .Profile  loop. 

IF  the  speed  for  W(FRST)  and  W(LAST)  are  euqal 
THEN 

BEGIN  ...Same. Speed  loop. 

FOR  J=(FRST+1 ) STEP  1 UNTIL  LAST  DO 
BEGIN  ...Assign  Same  Speed  loop 

Assign  the  speed  for  W(FRST)  to  W(J). 
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IASR(J)=SQRT[V02+(VF2-V02)*55p] 

Where: 

D=DJ 

VQ= I AS  R ( J - 1 ) 

Vf=IASR'(LAST) 

DPP=DJ+DELDIST 

Assign  either  PRUP  or  PRDOWN  to  the  IASF  component 
of  W(J)  for  CDU  display  purposes. 

END  ...Linear  loop 

ELSE  ...At  this  point  it  has  been  determined  that  an 

average  speed  rate  less  than  40  kts/min  is  required 
to  fly  from  W(J-l)  to  W(LAST). 

IF  an  average  rate  of  less  than  40  kts/min  is  also 
required  to  fly  from  W(J)  to  W(LAST),  assign 
IASR(J-l)  to  IASR(J) . 

BEGIN  ...40  Kts/Min  loop 

Determine  DFP,  the  distance  required  to  realize  a 
velocity  change  of  DVEL  at  the  rate  of  40  Kts/Min, 
i .e. , 

dpp=ti*avev 

IF  the  distance,  DELDIST,  between  W(J)  and  W ( LAST) 
is  greater  than  or  equal  to  DPP 

THEN 

BEGIN  ...No  Change  loop 

Assign  IASR(J-l)  to  IASR(J)  and 
PRQUOTE  to  IASR(J) . . 

END  . . .No  Change  loop 

ELSE 

BEGIN  ...Min  Rate  Zone  loop 

Calculate  a velocity  for  W(J)  that  is  based  on 
a 40  kt/min  velocity  rate  between  W(J-l)  and  W(J), 

1 .e., 

IASR(J)=SL?T[V02+(VF2-V02)*^-p-] 
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I Where 

V0-IASR(J-1) 

Vp-IASR(LAST) 

D-DPP-DELDIST 

Assign  either  PRUP  or  PRDOWN  to  IASR(O-l). 
Ef<3  ...Hin  Rate  Zone  loop 

END  ...Min  Rate  Zone  loop 

END  ...Velocity  Change  loop 

Is 

END  ...Profile  loop 

Define  parameters  for  next  cycle  of  FRST. VALUE  loop: 

' FRST=LAST. 

FRST. STATUS=LAST. STATUS. 

i i LAST . STATU S= INVALID 

END  ...LAST  Valid  loop 
END  ...FRST  Valid  loop 

Update  bookkeeping  to  indicate  that  speed  profile  computations  have 
been  performed  tor  the  existing  flight  plan. 

END  ...SPDPRF  loop 

RETURN  to  calling  program. 
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Software  Interfaces  for  Speed  Profiles 
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2.4  Time  Control  Algorithm 

Figure  2-8  illustrates  the  basic  software  interfaces  required  for  naintenar.ee 
of  the  Time  Control  parameters.  Data  declarations  for  the  Time  Control  Para- 
meters were  given  in  Section  2.1.1.  With  the  exception  of  aircraft  sensor 
data,  all  parameters  are  maintained  by  procedures  that  are  called  by  the  CDU 
Main  Control  procedure.  The  Time  Fix  and  Commanded  Arrival  Time  are  CDU 
entries  made  on  the  Flight  Progress  Page.  The  same  page  is  used  to  display 
the  software  computations  for  Commanded  IAS  and  Arrival  Time  Error  (Early/Late 

i 

Indication).  The  Flight  Plan  Monitor  monitors  waypoint  passage  of  the  Time- 
Fix  to  determine  the  necessity  of  invalidating  algorithm  computations. 

2.4.1  CDU  Display  of  Time  Control  Parameters  I 

The  last  two  line  pairs  of  the  Flight  Progress  Page  are  used  for  the  display 
of  Time  Control  parameters.  Data  declarations  for  this  set  of  parameters  are 
given  in  Section  2.1.1.  Line  pair  #5  provides  information  for  the  Time-Fix, 

TFIX,  Commanded  Arrival  Time,  TCOM,  and  Commanded  Air  Speed,  VCOMI . The 
validity  flags  TFIXF  and  TCOMF  are  monitored  to  determine  the  need  to  display 
blank  data  fields  for  TFIX  and  TCOM,  respectively.  The  value  stored  in  VCOMI 
is  displayed  for  the  Commanded  Air  Speed  data  field  whenever  VCOMIF  has  an 
assigned  value  of  IASVALID. 

Line  pair  #6  is  used  for  the  Early/Late  and  Navigation  Downmode  displays. 

The  latter  function  is  identical  to  that  defined  for  the  ANS-70A  system. 

Values  for  the  Early/Late  display  are  recorded  in  TIMERR  and  EARLY.  The  EARL'.' 
label  is  displayed  whenever  EARLY  is  valid  and  negative;  LATE  is  displayed  for 
a valid  positive  value.  The  value  recorded  in  TIMERR  is  used  for  display  of 
the  Early/Late  data  line.  No  display  is  required  for  the  Early/Late  label  and 
data  lines  whenever  the  validity  flag  TIMERF  is  assigned  an  INVALID  status. 
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2.4.2  CDU  Line-Select  Operations 

Line  pair  #5  for  the  Flight  Progress  Page  provioes  the  pilot  with  the  capa- 
bility of  designating  a waypoint  as  the  Time-Fix  and  a Commanded  Arrival  Time 
for  this  waypoint.  The  two  data  fields  used  to  enter  this  information  may  be 
entered  (or  revised)  separately  or  simultaneously. 

Rules  governing  line-select  entries  are  as  follows: 

TIME  Entries: 

1)  The  same  range  checks  used  for  GMT  entries  on  the  Present  Position  Page 
apply  to  the  Time  Entry. 

2)  The  value  of  the  Time  Envry  is  recorded  in  TCOM  and  the  associated 
validity  flag,  TCOMF,  is  assigned  a VALID  status. 

WAYPOINT  Entries: 

1)  The  waypoint  must  be  stored  in  the  Flight  Plan  prior  to  the  WAYPOINT 
entry  on  the  Flight  Progress  Page. 

2)  A valid  entry  is  recorded  in  TFIX.  TFIXF  is  assigied  a VALID  status  to 
indicate  that  a Tine-Fix  has  been  designated. 

A single  scratch  pad  entry  of  a minus  (-)  sign  is  used  to  invalidate  both 
fields.  An  INVALID  status  is  assigned  to  both  TFIXF  and  TCOMF  whenever  this 
entry  is  made. 

2.4.3  Functional  Description  of  Time  Control  Algorithm 

The  description  of  the  Time  Control  Algorithm  uses  the  following  notation: 

TM 

i Subscript  used  to  represent  the  i waypoint.  The  following 

values  of  i will  be  of  special  significance: 

i = 0 For  the  FROM-WAYPOINT 
= 1 For  the  TO-WAYPOINT 

= T For  the  waypoint  designated  as  the  time-fix. 

TM 

The  i waypoint. 

CRS ^ The  course  into  as  given  by  the  flight  plan. 
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WATK.  The  along-track  component  of  wind  for  W is  WATK.  = -{NWDN* 

1 C0S(CRS • ) + EWND  * SIN(CRS . ) ),  where  NWND  and  ’EWND  represent 

present'lateral  filter  estimates  for  north  and  east  wind 
components,  respectively.  WATK.  denotes  the  present  along-track 
component  of  wind.  1 


WOM 


VCOM 

VCOM 

WT 

VACT 

Vi 

Vi 

TTGCOMj 

TTgnom^ 


The  nominal  value  for  present  commanded  TAS.  VNOM  is  a 
function  of  Vg,  Vj,  the  time  estimated  to  fly  the  along- 

path  distance  between  Wg  and  Wj , and  the  actual  distance 

from  the  aircraft  to  the  TO  waypoint. 

The  present  commanded  IAS  of  the  aircraft.  VCOM  represents 
the  conmanded  IAS  displayed  on  the  Flight  Progress  Page. 

The  present  commanded  TAS  of  the  aircraft. 

Air  data  sensor  input  for  present  aircraft  TAS. 

Present  aircraft  IAS  as  given  by  the  speed  and  time 
control  algorithm. 

The  IAS  (Indicated  Air  Speed)  associated  with  Wi. 

The  TAS  (True  Air  Speed)  associated  with  Wi. 

The  commanded  (actual)  time  required  to  reach  Wi.  In 
particular,  the  commanded  time  required  to  reach  the 
desired  time  fix,  tlliCOMy,  is  given  by  TTGCOM-pfTime 

commanded  to  arrive  at  the  time  fix)  - (Present  Time). 

The  nominal  time  required  to  reach  Wi . tTGNOM . is  a 
function  of  IAS  entries  and  flight  path  geometry. 

The  leg  distance  between  W^  and  Wi . is  defined 

as  the  actual  distance  from  the  aircraft  to  the  To- 
Waypoint. 

That  portion  of  that  is  to  be  flown  at  a constant  speed. 

That  portion  of  that  requires  a velocity  change. 


An  important  concept  of  the  Task  II  Speed  Control  Philosophy  is  the  utilization 
of  minimum  40  knot/minute  speed  change  profiles.  Pilot  reaction  to  speed  changes 
is  not  required  until  a minimum  speed  change  of  40  knots/minute  is  needed  to 
reach  a desired  airspeed.  This  means  that  the  speed  profile  for  any  given  leg 
may  be  presented  as  one  of  the  two  situations  depicted  in  Figure  10. 
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Ignoring  wind,  let  K denote  the  proportionality  factor  that 
represents  the  proportion  of  nominal  speed  that  is  required  to 
arrive  at  the  time  fix  on  schedule  (K=l  if  no  change  in  the  nominal 
profile  is  required  to  meet  the  desired  schedule). 

Then  VLUM  = K*WDM’ where  K is  to  be  determined  from  the  relation: 

K = 'I  rUrot'tj./TTGCOM-j. 

As  noted  before,  TTGCOMy  is  merely  the  difference  between  the  • 
time  (GMT)  commanded  to  arrive  at  Wy  and  the  present  time  (Present 
value  of  GMT).  TTGNOMy  is  given  by  summing  the  nominal  times 
required  to  fly  all  legs  until  Wy  is  reached,  i.e.. 


TTGNOMy 


MTG1  , MTG" 

V0+WATK1  (Vq+V1)/2+WATK1 


+ 


T 

Z 

i=2 


(£iil + „ — ) . 

V. _1+WATK. ( V. _ j +Vi )/2+WATK1 


In  the  above  expression,  MTG=MTG'+MGT"  is  the  actual  distance  from 
the  aircraft  to  the  To-Waypoint.  MTG'  and  MTG"  are  analogous  to 
1 and  0^",  respectively. 

Having  found  K,  the  value  of  the  commanded  TAS  for  the  present  leg 
is  given  by  VC0M=K*VN0M.  The  best  available 

ii 

along-track  component  of  wind  for  the  present  leg  is  given  by  using 
the  Lateral  Filter's  Estimates  for  north  and  east  wind  components. 

This  dynamic  computation  for  along-track  wind  cannot  be  proportionately 
modified  for  the  remaining  portion  of  the  present  leg.  At  best,  it 
may  only  be  used  to  directly  modify  the  dynamic  computations  for 
VCOM  and  VNOM  . Thus, 


?C0M  + W - K*(VN0M  + WATK1 ) or 

VCW  = K*VN0M  + WATKj*(K-l ) , where  WATKj  represents  tne  present  component 
of  along-track  wind. 


VCOM  represents  the  present  connanded  true  air  speed  that  is  necessary  to 
arrive  at  on  time.  The  corresponding  comnanded  IAS  is  computed  by  the 
relationship 

VCOM  = (1-Kjh)  * VC T5M 

The  value  used  for  Kj  is  the  value  relating  present  IAS  to  present  TAS  and 
is  computed  as  follows.  The  present  aircraft  IAS  (VACT)  is  not  directly 
available  to  the  computer  but  can  be  computed  from  the  IAS  command  (VCOM)  and 
IAS  airspeed  error  ( AV)  signals  which  are  available  from  the  max  allowable 
airspeed  instrument,  i.e., 

VACT  = VCOM  + A V. 

Present  values  for  aircraft  TAS  (VACT)  and  altitude  (h)  are  resident  in  the 
RNAV  computer  memory.  Using  the  relationship 
VACT  = VficT  (1  - K^h) , 

the  altitude  proportionality  constant,  K-j,  may  then  be  determined  by  combining 
the  above  equations,  i.e., 

(1-Kjh)  = (VCOM  + aV)/VACT 
and  Kj  = (¥ACT-VCOM-AV)/(h*VACT) 

With  h in  feet,  Kj  should  vary  from  0.00001  to  0.000015.  Because  of 

sensitivity  problems  as  h becomes  small,  is  to  be  limited  to  the 

above  values  in  the  IAS  to  TAS  speed  conversions.  In  the  TAS  to  IAS 
conversion  regarding  the  commanded  velocity  the  (l-K^h)  ratio  can 

be  used  directly,  avoiding  any  sensitivity  problem. 

The  Commanded  Speed  displayed  on  the  Flight  Progress  Page  is  then 
given  by: 


VCOM  = (l-K1*h)*VC0M 

The  final  portion  of  the  algorithm  deals  with  the  early/late 
computation.  This  computation  is  based  upon  the  expected  time  error 
at  the  time-fix  that  would  result  by  flying  the  present  leg  at  the 
actual  rather  than  commanded  TAS. 
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As  before,  let: 

VCOM  Represent  the  present  value  for  commanded  TAS. 
TTGCOM-j.  Represent  the  commanded  time  required  to  reach  Wy. 

Represent  the  present  air  data  sensor  input  for  TAS. 


VACT 

Also,  let: 


Ttga'ct, 


Represent  the  modified  along-track  distance  from  the 
aircraft  to  Wy.  The  modification  consists  of  using 

actual  distance  from  the  aircraft  to  the  To-waypoint 
for  the  present  leg. 

Represent  the  time  required  to  traverse  Dy  assuming 
a TAS  of  VACT. 


Since  the  Distance,  Dy,  must  be  flown  to  arrive  at  My  using  either 
velocity,  it  follows  that: 


Dy  = (VACT  + WATK1 ) * tTGACTy 


0/COM  + WATKj)  * YTGCOMy 


The  expected  time  error,  TFGAC  y-TTGCOMy  is  then  given  by: 
(TfGScTy-TTGCOiTy)  = TlGCOMTy  * 


(VSCT  + WATKj) 

where  a positive  error  is  to  be  displayed  as  a LATE  indication. 


(VCOM  + WATKj ) 
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FIGURE  2-10 

Speed  Profiles  II 

j 

Di"*0  whenever  V^-V.  and  D.'=0  whenever  a speed  change  in  excess 
of  40  KTS/Min  is  required  for  the  entire  leg  distance  0i . 
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2.4.4  Software  Implementation  of  the  Algorithm 

Algorithm  computations  are  performed  by  procedure  TIMCNTRL.  Although  control 
is  given  to  this  procedure  every  cycle  by  the  CDU  Main  Control  Program,  compu 
tations  are  only  attempted  whenever  either  1)  ten  seconds  have  elapsed  since 
the  last  algorithm  computation,  or  2)  a Flight  Plan  revision  has  occurred 
since  the  last  execution  of  the  algorithm. 


Since  TIMCNTRL  is  a procedure  called  within  the  CDU  channel,  it  is  possible 
for  sensor  data  maintained  by  the  Navigation  channel  to  change  during  any 
given  execution  of  the  algorithm.  To  ensure  that  the  same  set  of  parameters 
is  used  for  a given  algorithm  computation,  it  is  necessary  to  take  a snapshot 
of  the  sensor  data  as  part  of  the  initialization  log'c  for  the  algorithm. 

A task  description  for  TIMCNTRL  is  given  below.  A program  listing  of  TIMCNTRL 
is  given  in  Appendix  C. 


Task  Specification 
For  TIMCNTRL 

Procedure  Type 

Procedure  TIMCNTRL(  ) 

Module 

40  Time  and  Speed  Algorithms 
Task  Summary 

The  Time  and  Speed  Control  Algorithm  is  based  upon  speed  and  time  errors 
with  respect  to  a waypoint  (the  Time-Fix)  for  which  an  arrival  time  has 
been  assigned.  The  value  calculated  for  VCOMI,  the  Commanded  Velocity 
displayed  on  the  Flight  Progress  Page,  represents  the  present  indicated 
air  speed  that  should  be  flown  to  arrive  at  the  Time-Fix  on  schedule.  The 
computation  for  TIMERR  provides  the  best  estimate  of  the  total  time  error 
that  is  expected  for  the  desired  arrival  time.  Computations  for  VCOMI  are 
provided  whenever  the  Present  Flight  Plan,  exclusive  of  the  From-event, 
contains  at  least  one  speed  waypoint.  The  computation  for  TIMERR  Is  made 
whenever  the  validity  flag  WFIXF  indicates  that  a Time-Fix  has  been  defined 
for  the  system. 
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Notation 


W(J)  Used  to  denote  the  Jth  Lateral  Event. 

IASR(J)  Used  to  denote  the  value  of  the  IASR  component  for  U( J).  Similar 

notation  is  used  for  other  components  defined  by  the  Flight  Plan 
Editor. 


Internal  Data  Structure 
Synonyms 

INITEVNO  Initial  Absolute  Event  Number  required  for  retrieval 

of  event  data  from  the  Flight  Plan  Editor. 

Integer  Data 


J 

CNTRl 

VTIMF 


Real  Data 

PREVIASR 

PREVDFTO 

TTGACT 

TTGCOM 

COCHPREV 

HZ 

LEGDST 

WATK 

WATKTO 

KALT 

TASPREV 

TASJ 

DV 

T1 


Event  Number  for  the  Jth  Event. 

Control  parameter  for  the  main  loop. 

Flag  used  to  control  computations  for  the  case  where 
a Time-Fix  has  not  been  entered  but  VCOMI  is  to  be 
calculated  for  the  To-waypoint.  • . . ..  . ; 


Temporary  storage  used  to  record  IASR(J-l). 

Temporary  storage  used  to  record  DFTO(J-l). 

Present  estimate  of  actual  time  required  to  reach 
the  Time- Fix. 

Commanded  time  to  reach  the  Time-Fix. 

Temporary  storage  used  to  record  CRS0(J-1)-CRSI(J-1). 

Altitude  used  for  IAS  to  TAS  conversion. 

Along-track  distance  from  W(J-l)  to  W(J). 

The  along-track  component  of  wind  applied  to  W(J). 

The  along-track  component  of  wind  applied  to  the  leg 
presently  being  flown. 

The  altitude  proportionality  constant  used  for  conversions 
between  IAS  and  TAS. 

i 

Temporary  storage  used  to  record  computed  TAS  for  W(J-l). 

Temporary  storage  used  to  record  computed  TAS  for  W(J). 

The  speed  change  between  W(J-l)  and  W(J). 

The  time  required  to  fly  from  W(0-1)  to  W(J)  at  . rate 
of  40  kts/min. 
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AVEV  The  average  ground  velocity  required  for  a linear  speed 

profile  between  W(J-l)  and  W(LAST). 

T2  The  time  required  to  fly  from  W(J-l)  to  W(J)  assuming  a 

constant  velocity  of  AVEV. 

DPP  The  portion  of  the  leg  between  W(J-l)  and  W(J)  that 

requires  a speed  change. 

DELT  The  expected  time  required  to  fly  from  W(J-l)  to  W(J). 

DP  The  portion  of  the  leg  between  iV(J-l)  and  W(J)  that  should 

be  flown  at  the  velocity  assigned  to  W(-)-l). 

GMTCONV  Conversion  factor  used  to  convert  GMT  to  navigation  time 

units. 

VGNOM  Nominal  ground  velocity  calculated  for  the  present  leg. 

KSCALE  Scaling  factor  used  to  protect  against  overflow. 


Calling  Sequence 
TIMCNTRL(  ) 

Return  Values 

VCOMI  Commanded  IAS  for  the  present  leg  that  is  to  be  displayed  on 
the  Flight  Progress  Page  and  IAS  instrument. 

VCOMIF  Validity  flag  for  VCOMI. 

TIMERR  Expected  time  error  for  arrival  at  the  Time-Fix. 

TIMERF  Validity  flag  for  TIMERR. 

Task  Description 

IF  10  seconds  have  not  elapsed  since  the  last  execution  of  the  Time  Con+rol  Algorithm 
AND  a Flight  Plan  revision  has  not  occurred  since  the  last  cycle 
THEN  RETURN  to  calling  program. 

Update  own  clock  reading. 

Update  own  version  of  Flight  Plan  Revision  number 

Assign  INVALID  status  to  TIMERF,  the  validity  flag  for  arrival  time  error. 

Comment:  assign  an  initial  validity  status  to  VCOMIF,  the  validity  flag  for 
commanded  IAS. 

IF  VCOMIF* 


IF  invalid  GMT  THEN  IVGMT 

ELSE  IF  invalid  aircraft  true  air  speed  THEN  IVTAS 
ELSE  IF  invalid  aircraft  altitude  THEN  IVALT 
ELSE  NODATA)  NEQ  NODATA 
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HEN  RETURN  to  calling  program. 

F the  Lateral  From-event  is  invalid 

OR  no  speed  is  defined  for  this  event 

THEN  RETURN  to  the  calling  program.  Note  that  VCOMIF  will  have  a value  of 
NODATA  and  TIMERF  will  have  an  INVALID  STATUS. 

Comment:  Keep  a snapshot  of  sensor  data,  i.e., 

ACTAS  = Aircraft  True  Air  Speed 
ACALT  = Airciuft  Altitude 
ACIASERR  = IAS  Instrument  Error 
ACNWND  = North  Component  of  Wind 
ACEWND  = East  Component  of  Wind 

Issign  IASR  component  of  the  Lateral  From-Event  to  PREVIASR. 

Issign  DFTO(FROM)  to  PREVDFTO. 

Initialize  event  number  index  by  assigning  INITEVNO  to  J. 

Initialize  nominal  time-to-go,  TTGNOM,  to  0.0. 

Initialize  COCHPREV  to  value  of  CRS0( FROM) -CRS0( FROM) . 

issign  an  initial  status  of  VALID  to  VTIMF  to  ensure  computations  are  performed 
:or  TO-waypoint. 

IHILE  the  Jth  event  is  not  the  Time-Fix. 

AND  the  (J=J+l)th  event  is  valid. 

AND  VTIMF  EQL  VALID. 

I 

GIN  ...  Calculate  TTG  block. 

IF  event  J is  a Vertical  event 
THEN 

BEGIN  ...Vertical  Event  block 

IF  event  J is  the  Vertical  TO-event 
THEN  assign  value  of  ACALT  to  HZ. 

ELSE  assign  ALTD(J)  to  HZ. 

END  ...Vertical  Event  block 


0 


i 
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ELSE 

IF  event  J is  a Lateral  event  • 
are  bypassed. 


...Note  that  Fnd-Of-Continui ty  events 


THEN 
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BEGIN  ...Lateral  Event  block 

Calculate  LEGDST,  the  distance  from  W(J-l)  to  W(J),  i.e., 

LEGDST=DFTO(J)-PREVDFTO. 

Update  PREVDrTO  to  value  of  DFTO(J). 

Calculate  W4TK,  the  along-track  component  of  wind,  i.e., 

WATK=-(ACNWND*COS(CRSI (J) )+ 

ACEWND*SIN(CRSI (J) ) ) . 

Calculate  KALT,  the  altitude  proprotionality  constant,  i.e., 

KALT=[ACTAS-VCOMI-ACIASFRRl 

LHZ*ACTAS] 

I : , Limit  KALT  to  the  interval  (.00001,  .000015) 

Convert  IAS  forW(J-l)  to  TAS,  i.e., 

TASPREV=PREVIASR 

(T.o-hz*kAFtT 

Convert  IAS  for  W(J)  to  TAS,  i.e., 

TASJ=IASR(J) 

"().0-HZ*KALT) 

Calculate  DV,  the  speed  gradient  between  W(J-l)  and  W(J),  i.e., 
DV=TASJ-TASPREV  . 

Calculate  T1 , the  time  required  to  fly  from  W(J-l)  to  W(J)  at  a rate 
of  40  kts/min. 

T1=|DV*MINRATE|  . 

Calculate  AVEV,  the  average  ground  velocity  required  for  a linear 
speed  profile  between  W(0-1)  and  W(J),  i.e., 

AVEV=0 . 5 (TASPRE V+TAS J )+WATK 

Calculate  T2,  the  time  required  to  fly  from  W(J-l)  to  W(J)  assuming  a 
constant  velocity  of  AVEV,  i.e., 

T2= | LEGDST/ AVEV | 

IF  the  velocity  change,  DV,  between  W(J-l)  and  W(J)  requires  a 
velocity  rate  greater  than  or  equal  to  40  kts/min  (i.e.,  if  T2_<T1 ) 

THEN 

BEGIN  ...Linear  Profile  Block 

Assign  T2  to  DELT,  the  time  required  to  fly  the  leg  from  W(J-l) 
toW(J). 

Li 


I 


Assign  LEGDST  to  DPP,  the  portion  of  the  leg  into  W(J)  that 
requires  a speed  change. 

END  ...Linear  Profile  Block 

ELSE  ...Part  of  the  leg  into  W(J)  should  be  flown  at  the  velocity 

for  VI(J-l),  the  remaining  portion  at  a velocity  rate  of  40 
kts/min.  Calculate  time  and  distance  parameters  for  the 
portion  requiring  a speed  change. 

BEGIN  ...40  kts/min  Block 

Assign  T1  to  DELT. 

Assign  T1*AVEV  to  DPP. 

END  ...40  kts/min  Block 

IF  W(J)  is  the  Lateral  To-Event  t 

THEN 

BEGIN  ...To-Event  Block 

Assign  IASVALID  to  VCOMIF  to  indicate  VCOMI  computation  has  been 
performed. 

Assign  value  of  TFIXF  to  VTIMF. 

Save  the  along-track  wind  component  for  the  Lateral  To-Event, 
WATK,  in  WATKTO. 

Save  value  of  KALT  in  KALTTO. 

IF  the  velocity  change,  DV,  between  N(J-l)  and  W(J)  requires 
a velocity  rate  that  exceeds  40  kts/min  (i.e.,  if  T2^T1) 

OR  the  distance  from  the  aircraft  to  the  Lateral  To-Event  is 
within  that  portion  of  the  leg  that  requires  a velocity  change 
(i.e.,  if  MTG<DPP) 

THEN 

BEGIN  ...To-Event  Velocity  Change  Block 

Calculate  VGNOM,  the  present  nominal  aircraft  velocity  (GS- 
referenced  at  this  point)  that  must  be  flown  to  arrive  at 
the  Time-Fix  on  schedule,  i.e., 

VQ=TASPREV+WATK 

Vf»TASJ+V/ATK 

VGN0M=SQRT[V02+(Vf2-V02)*^] 





Calculate  DEIT,  the  time  required  to  fly  from  aircraft 
present  position  to  W(J)  if  the  aircraft  is  on  schedule, 
1 .e. , 


IF  DMTG  > DPP 

ELSE  tELT  = T2  + ^DMTG  > dppVVGN0M 

0ELT=2*MTG 

(VGNOM+TASJ+WATK) 

END  ...To-Event  Velocity  Change  Block 

ELSE  ...Velocity  change  is  not  required  for  present 
portion  of  leg  into  the  Lateral  To-Event. 

BEGIN  ...To-Event  constant  velocity  block. 

Assign  velocity  for  W(J-1 ) to  VGNOM,  i.e., 

VGNCM=TASPREV+WATK 

BEGIN  ...Excessive  Course  Change  block. 

Tag  commanded  IAS  disp'ay  as  invalid  by  assigning  IVCOCH  to 
VCOMIF. 

RETURN  to  calling  program.  Note  that  TIMERF  is  returned  with 
an  INVALID  status  and  VCOMIF  indicates  that  "CRS"!  will  appear 
for  the  commanded  IAS  display  on  the  Progress  Page; 

END  ...Excessive  Course  Change  block. 

ELSE 

BEGIN  ...Leg  Capture  Compensation  block. 

Compensate  for  aircraft  turn  made  for  leg  capture  at  W(J-l),  i.e 
DELT=TASPREV*|- 1 COCHPRE V 1 -2*TAN  ^ I COCHPRE V | ^ j 
q*TAN(25°) 

where  g=Acceleration  due  to  gravity. 

Increment  TTGNOM  by  DELT. 

END  ...Leg  Capture  Compensation  block. 

END  ...Beyond  To-Event  block. 

Update  COCHPREV  to  value  of 
COCHPREV=CRSO(J)-CRSI (J) 

D ...Lateral  Event  block. 
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. . .Calcttg  Block 
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Calculate  1)  K,  the  proportion  of  nominal  speed  that  is  required  to  arrive  at 
the  Time-Fix  on  schedule,  and 

2)  TTGCOM,  the  commanded  Tirae-To-Go  for  arrival  at  the  Time-Fix,  i.e., 

IF  TIMERF  = (TCOMF  .V.  TFIXF)  NEQ  VALID 

...Computations  for  TIMERR,  K,  and  TTGCOM  are  dependent  upon  status  of  pilot 
entries  for  Time-Fix  and  Commanded  Arrival  Time 


BEGIN  ...TTGCOM  Invalid  Block 

K = KSCALE  ...Reversionary  Mode.  Set  K = (1)  * (Scale  Factor). 

KVAL  * VALID  ...Indicate  K valid  for  later  computation  of  VCOMI. 
END  ...TTGCOM  Invalid  Block 


BEGIN  ...TTGCOM  Valid  Block 

Update  Commanded  Arrival  Time,  I.E., 

TTGCOM  = (TCOM-GMTS)/GMTCONV 

Determine  validity  of  computation  for  K.  K is  invalid  when  TTGCOM  approaches 
zero,  I.E. , 

IF  TTGNOM* KSCALE  > I TTGCOM  I 
THEN  Assign  an  INVALID  to  KVAL 


BEGIN 


K = (TTGNOM*KSCALEV  TTGCOM 
KVAL  = VALID 


END  ...TTGCOM  Valid  Block. 

IF  VCOMI F EQL  IASVALID  ...Computations  for  VCOMI  and  TIMERR  only  valid  if  To-Event 

has  a defined  IAS. 


BEGIN  ...VCOMIF  Valid  Block 

IF  KVAL  EQL  VALID  ...Test  for  validity  of  K before  updating  VCOMI. 


BEGIN  ...Update  VCOMI  Block 


Calculate  Commanded  TAS,  I.E., 

VCOHT  = ( K*VGNPM. ) / KSCALE- WATKTO . 

Convert  VCOMT  to  IAS  for  display  purposes,  J.E., 
1.0-KALTT0*ACALT 

VCOMI  = *VC0MT 

KALTSCALE 

Limit  VCOMI  to  upper  limit  of  IAS  Instrument. 

END  ...Update  VCOMI  Block 

Calculate  the  expected  time  error  for  arrival  at  the  Time-Fix,  I.E., 

IF  TIMERF  EQL  VALID 

THEN 

BEGIN  ...Update  TIMERR 

EARLY  = (TTGNOM*VGNOM)/(ACTAS+WATKTO)-TTGCOM. 

TIMERR  = I EARLY  I . 

END  ...Update  TIMERR 
END  . . . VCOMI F Valid  Block 


RETURN  to  Calling  Program 


?.5  ASC  Software  Modifications 

This  section  describes  the  3D/4D  modifications  to  the  ANS-70A  version  of  the 
Aircraft  Systems  Coupler  (ASC)  software.  One  version  of  this  software  has 
been  constructed  for  use  by  all  three  of  the  Task  II  systems.  In  addition 
to  changes  implemented  for  the  Base  and  20  Plus  Time  Control  Systems,  this 
section  will  describe  ASC  software  modifications  that  have  been  added  for  the 
3D/4D  Local izer/Gl ideslope  System. 

Table  2-3  lists  the  sensor  data  inputs  that  require  additional  processing 
by  the  ASC  Input  software.  The  first  three  items  are  required  for  the  Lo- 
cal izer/Gl ideslope  System.  Each  input  has  an  associated  high-level  flag  which 
is  used  to  indicate  current  hardware  status  for  the  given  sensor  input.  This 
status  serves  as  one  of  the  criteria  used  to  determine  validity  of  the  sensor 
input. 

Oue  to  radio  receiver  limitations,  localizer  frequency  is  input  in  the  same 
sensor  slot  normally  used  for  the  secondary  VOR  frequency.  In  addition  to 
processing  localizer  frequency,  this  requires  the  ASC  software  to  suppress 
system  usage  of  the  secondary  navaid  during  the  localizer  mode  of  navigation. 
Use  of  this  navaid  is  inhibited  by  setting  a flag  that  is  normally  used  to 
indicate  a frequency  mismatch. 

A software  switch  whose  value  is  specified  for  the  Link  Edit  Computer  run  is 
used  to  determine  which  of  two  sets  of  computations  are  required  for  processing 
of  IAS  Airspeed  Error.  Computations  for  the  G-I  instrument  are  linear  for  the 
range  of  speeds  that  have  been  defined  for  the  instrument.  A Least-Squares 
approximation  on  the  data  furnished  for  the  C-880  instrument  has  resulted  in 
the  use  of  a fourth-degree  polynomial  to  determine  IAS  error. 
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The  sensor  word  reserved  for  the  MS  I Input  for  Selected  Course  is  processed 
every  cycle  by  the  ASC  Input  Program.  The  2D  Plus  Time  Control  System 
version  of  the  Flight  Plan  Monitor  is  the  only  program  for  the  three  systems 
that  monitors  this  processed  data.  The  net  result  is  that  the  ASC  software 
is  allowed  to  process  the  input  for  all  three  Task  II  systems. 

Current  status  of  the  ''engaged"  discretes  is  recorded  for  system  usage.  The 
Lateral  Navigation  program  suppresses  waypoint  passage  whenever  the  Area  Navi- 
gation System  is  disengaged  from  the  auto-pilot.  The  other  two  discretes  are 
used  by  the  Local izer/Gl ideslope  System. 

Table  2-4  provides  a summary  of  sensor  data  outputs  that  require  additional 
processing  by  the  ASC  Output  Program.  IAS  Command  is  the  only  output  that  is 

it. 

required  for  all  three  systems.  As  with  the  input  for  IAS  error,  conversions 
for  the  C-880  instrument  are  straight-forward.  A fourth-degree  polynomial  is 
used  to  convert  IAS  in  knots  to  degrees  for  the  C-800  instrument. 

Remaining  outputs  are  required  for  the  Local izer/Gl ideslope  system.  Deviation 
displays  are  sent  to  the  MSI  and  ADI  instruments.  The  ASC  Output  Program 
monitors  internal  flags  to  determine  which  navigation  modes  are  controlling 
the  instrument  displays. 

The  Localizer  Unable  discrete  is  used  to  activate  tuning  the  VOR/LOC  receiver 
to  localizer  frequencies.  Once  again,  internal  flags  are  used  to  determine 
the  setting  of  this  discrete. 

The  "Arm"  and  "Capture/Track"  discretes  are  used  to  control  displays  on  the 
Mode  Annunciator  that  has  been  implemented  for  Local izer/Gl ideslope  usage. 
Internal  flags  are  monitored  each  cycle  to  determine  the  settings  of  these 
discretes. 


One  additional  feature  has  been  added  to  the  ASC  Software  that  is  unique  to 
the  3D/4D  systems.  The  Air  Data  Computer  input  for  True  Air  Speed  is  flagged 
as  invalid  whenever  TAS  falls  below  ISO  knots.  3D/4D  usage  in  terminal  area 
operations  will  require  Time  Control  and  Local izer/Gl ideslope  modes  at  slow 
speeds.  For  this  reason,  a scheme  has  been  implemented  that  uses  IAS  to 
approximate  TAS  whenever  the  latter  speed  reaches  its  limit  of  ISO  knots. 
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INPUT  SENSOR  DATA 


Localizer  Frequency  + High-Level  Flag 
Localizer  Deviation  + High-Level  Flag 
Glideslope  Deviation  + High-Level  Flag 
IAS  Airspeed  Error  + High-Level  Flag 
MSI  Input  for  Selected  Course 
Auto-Pilot  Engaged  Discrete 
RNAV-Engaged  Discrete 
VNAV-Engaged  Discrete 


TABLE  2-3 

Sensor  Data  Inputs  that  have  been  added  for  the  3D/4D  systems 


AS 


OUTPUT  SENSOR  DATA 


Commanded  Localizer  Frequency  + Localizer  Enable  discrete 

Localizer  Deviation 

Glideslope  Deviation 

Localizer  Track  Angle  Error 

IAS  Command 

Localizer  Arm  Discrete 
Localizer  Capture/Track  Discrete 
Glideslope  Arm  Discrete 
Glideslope  Capture/Track  Discrete 
Flight  Director  Computer  Flag 


TABLE  2-4 


Sensor  Data  Outputs  that  have  been  added  for  the  3D/4D  systems 


Navigation  Software  Modifications 

All  of  the  ANS-70A  Navigation  software  programs  were  modified  for  3D/4D  usage. 
Functional  modifications  were  only  implemented  for  the  Lateral  Navigation  pro- 
gram. Remaining  changes  were  the  result  of  the  core  reduction  effort  discussed 
in  Section  2.0.  Tasks  implemented  for  the  Lateral  Navigation  software  con- 
sisted of  modifying  the  ANS-70A  criterions  for  waypoint  passage  and  the 
Distance-To-Go  computation. 

The  3D/4D  geometry  for  waypoint  passage  is  illustrated  in  Figure  2-11.  Geometr 
is  shown  for  the  case  where  the  flight  plan  includes  an  jiT^et,  POFS.  Passage 
of  the  TO-waypoint  occurs  whenever  both  of  the  following  conditions  are  true: 

1)  The  Lateral -Oistance-Along-Track  (LDAT)  to  the  iffset  waypoint 
defined  for  the  TO-waypoint  is  less  than  the  calculated  Leg- 
Switch-Distance  (SV-'D). 

When  flying  legs  without  offsets,  the  offset  waypoint  is  defined 
to  be  coincidental  with  the  parent  waypoint  of  the  TO-event. 

2)  The  bisector  defined  at  this  same  leg  intersection  has  been 
crossed. 

Referring  to  figure  2-11,  the  bisector  is  given  by 

BISECTOR  = CRSO-1/2  (CRSO-CRSI)  + * /2  SIGN  (CRSO-CRSI) 

The  bisector  is  passed  once  the  expressions  (GFLEG-BISECTOR)  and  (CRSI  + r 
- BISECTOR)  have  opposite  signs. 

Geometry  for  the  Distance-To-Go  computation  is  shown  in  Figure  2-11.  The 
ANS-70A  system  always  uses  the  parent  waypoint  for  the  Lateral  To-Event  as  a 
reference  point  for  this  computation.  This  is  considered  to  be  undesirable 


for  Time  Control  procedures  when  flying  offset  legs.  The  3D/4D  system 
uses  the  offset  waypoint  as  a reference  point  for  the  Pistance-To-Go  compu- 
tation. 

The  ANS-70A  system  records  the  coordinates  of  the  parent  waypoint  in  the  Flight 
Plan  Table.  This  was  left  unchanged  for  the  3D/4D  systems . Coordinates  of 
the  offset  waypoint  are  calculated  by  the  Flight  Plan  Monitor  wherever  re- 
visions are  made  to  the  flight  plan. 


FIGURE  2-11 

Geometry  for  Waypoint  Passage 

PARAMETER  DESCRIPTION 

W Parent  Waypoint  of  Lateral  To-Event 

P Offset  Waypoint  of  Lateral  To-Event 

SWD  Switching  Distance 

LDATA  Lateral-Distance-Along-Track  to  the  Offset  Waypoint 

CTD  Cross-Track  Distance 

MTG  Miles-To-Oo  from  Aircraft  to  the  Offset  Wajpoint 

POFS  Offset  (Base  or  Parallel)  that  has  been  defined  for  W 

AOFS  Along-Path-Offset  that  must  be  f’own  beyond  W to  reach  P 

CRSI  Course  Into  P as  determined  by  Flight  Plan 

CRSO  Course  Out  of  P as  determined  by  Flight  Plan 

BISECTOR  Bisector  constructed  at  P 

Course  (True)  from  P to  the  Aircraft 


BFLEG 
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Section  3 

2D  PLUS  TlflL  CONTROL  SYSTLH 


The  2D  Plus  T i nx?  Control  System  provides  the  Task  II  capability  of  simulating 
Tine  Control  for  non  automatic  RNAV  systems.  Major  software  tasks  for  this 
system  include  the  following  items: 

1)  Implementation  of  CDU  software  for  the  revised  Progress  page.  Soft- 
ware implementation  for  this  task  is  described  in  Section  3.2. 

In  addition  to  the  Progress  page,  CPU  software  allows  pilot  access 
to  the  Flight  Plan  and  Present  Position  pages.  The  Flight  Plan  page  is 
required  for  data  assemblies.  The  Present  Position  page  is  to  be  used  for 
pilot  updates  of  aircraft  present  position. 

2)  Maintenance  of  RNAV  waypoint  parameters  in  an  array  structure 
that  is  maintained  by  the  CDU  software.  The  Flight  Plan  Editor  is  not  used 
for  maintenance  of  the  Flight  Plan  Table.  The  pilot  has  the  capability  of 
specifying  waypoint  parameters  for  ten  waypoints  at  any  given  time.  Ten  3- 
word  arrays  are  maintained  to  record  entries  for  waypoint  identifier,  bearing, 
and  distance.  Two  additional  arrays  are  maintained  as  CDU  work  areas.  A 
description  of  the  array  components  used  to  identify  the  waypoint  parameters 
is  given  in  Section  3. 1 . 

3)  Use  of  HSI  analog  input  for  Desired  Course.  A description  of  the 
software  implementation  for  this  task  is  given  in  Section  3.3. 

4)  Implementation  of  a Time  Control  Algorithm  that  is  unique  to  the 

2D  Plus  Time  Control  System.  All  Time  Control  computations  reference  the  leg 
presently  being  flown.  A software  description  of  this  algorithm  is  given  in 
Section  3.4. 
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An  additional  task  consists  of  suppressing  the  ANS-70A  computations  for  leg 
switching  and  waypoint  passage.  This  has  been  achieved  by  constructing  a 
version  of  the  Lateral  Navigation  program  that  is  unique  to  this  System. 

This  program  was  constructed  by  modifying  the  Base  System  version  of  Lateral 
Navigation.  The  only  other  change  to  this  module  consisted  of  implementing 
a 20-second  Waypoint  Alert  criterion  to  replace  the  15-second  criterion  used 
for  the  other  systems. 


/ 
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. 1 External  Data  Structure 

Data  parameters  unique  to  the  2D  Plus  Time  Control  System  have  been  assigned 
to  a separate  module.  Data  definition  for  this  set  of  parameters  are  given 
below.  With  the  exception  of  FP.fDIT  and  NLTOCHG,  all  parameters  are  com- 


pletely maintained  by  the  CDU  software. 


Integer 


Integer 


Integer 


SYMBOLIC 

NAME 

Display .Wypt 


Use.Wypt 


FR.Edit 


Integer 


NLTOCHG 


DESCRIPTION 


Waypoint  Number  currently  being 
displayed. 

Waypoint  Number  for  waypoint 
currently  being  used  for  navigation. 
Validity  flag  that  is  assigned  a 
VALID  status  by  the  CDU  software  when- 
ever a CDU  edit  has  been  made  that 
affects  the  current  navigation  leg. 
FP.EDIT  is  assigned  an  INVALID  status 
by  the  Flight  Plan  Monitor  after  the 
Navigation  Event  Table  (NLTO  array) 
is  updated  to  reflect  the  edit. 

Validity  flag  that  is  assigned  a 
VALID  status  by  the  Flight  Plan 
Monitor  whenever  an  input  (via  cither 
the  CDU  or  the  US  I Course  t.nob)  has 
been  processed  that  affects  the  cur- 
rent navigation  leg.  NLTOCHG  is 
assigned  an  invalid  status  by  the 
Speed  and  Tine  Control  Procedure  after 
the  Time  and  Speed  Control  computations 
are  updated. 


DATA 

SYMBOLIC 

DESCRIPTION 

TYPE 

NAME 

Integer 

OFFSTF 

Validity  flag  for  OFFSET.  OFFSTF  = 

valid  whenever  a lateral  offset  is 

commanded,  inval id  otherwise. 

Real 

OFFSET 

Lateral  Offset  currently  being  flown. 

Real  Array 

ARRO,  ARR1 

ARR9 , ARRA, 

ARRC 

Waypoint  arrays  used  to  record  Ident, 

Bearing,  and  Distance  information 

for  the  IRNAV  waypoints. 

Pointer  Array 

PTR. ARRAY 

Array  of  12  pointers  used  to  reference 

the  waypoint  arrays. 

Integer 

Component 

WYPT.IDFNT 

Component  used  to  record  ASCII 

identifier  Waypoint  Number.  Assigned 

a component  position  of  0. 

Real 

Component 

WYPT.BRG 

Component  used  to  record  True  Bearing 

from  navaid  to  waypoint.  Assigned  a 

component  position  of  1. 

Real 

Component 

WYPT.DIST 

Component  used  to  record  distance 

from  navaid  to  waypoint.  Assigned  a 

component  position  of  2. 
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3.2  Functional  Description  of  Revised  Progress  Page 

Display  formats  for  the  Progress  page  are  illustrated  in  Figures  3-1 
and  3-2.  A functional  description  of  data  fields  for  the  Progress  page 
is  given  below. 


I)  [STATION] 

This  field  provides  the  pilot  with  a means  of  specifying  the  navaid 
that  is  to  be  used  for  navigation  and  tuning  purposes.  Allowable 
entries  consist  of  three-character  station  identifiers  that  are  stored 
in  the  data  base.  The  scratchpad  message  "NOT  STORED"  is  annunciated 
for  attempts  to  enter  invalid  identifiers. 

II)  [MODE] 

This  field  provides  a CDU  display  of  the  current  navigation  mode. 
Current  usage  of  VOR,  DME,  and  Air  Data/Heading  information  for  navi- 
gation purposes  is  indicated  by  displaying  V,  D,  and  A respectively. 

The  absence  of  a given  mode  is  indicated  by  displaying  a dash  (-) 
for  the  corresponding  letter.  A downgrade  of  mode  will  result  in  the 
cnnunciation  of  the  data  field.  The  annunciation  may  be  cancelled  via 
a line-select  entry  of  a single  minus  sign  (-). 

Ill)  [OFST] 

Parallel  offsets  are  commanded  by  means  of  the  OFST  field.  The  initial 
character  of  an  offset  entry  must  be  either  an  "L"  or  "R."  The  . magni- 
tude portion  of  the  entry  is  allowed  to  have  a range  of  0.0  to  50.0 
(NM).  Thus,  an  entry  of  L5.1  would  be  used  to  indicate  a left  offset 
of  5.1  NM.  An  existing  offset  is  cancelled  via  a 10  (l  followed  by  a 
zero)  or  R0  entry. 

IV)  [WIND] 

The  data  field  for  Wind  serves  as  a display  field  only.  Bearing  infor- 
mation is  displayed  as  magnetic  bearing  from  the  station.  Dashes  are 
displayed  whenever  Air  Data  or  Heading  Information  is  invalid. 


V)  [WPT/BRG/DIST] 

The  third  pair  of  CDU  lines  has  been  reserved  for  waypoint  information. 
Waypoint  parameters  consist  of  Identifier,  Bearing  (Magnetic)  from 
navaid,  and  distance  from  navaid.  Allowable  entries  consist  of  editing 
all  three  fields  with  one  entry  or  revising  any  field  with  a single 
edit. 
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I A total  of  10  waypoints  may  be  designated  at  any  given  time.  Digits  0 through 

9 are  used  to  designate  waypoint  identifiers.  Display  of  a waypoint  other 
than  the  USE-waypoint  is  indicated  by  blinking  the  identifier  field.  A way- 
point  may  be  deleted  via  an  entry  of  a single  minus  sign  for  Line-Pair  No.  3. 
Waypoint  deletion  will  result  in  a display  of  dashes  for  the  DRG  and  DIST  data 
fields.  Navigation  computations  reference  the  navaid  presently  being  used 
whenever  the  USE-waypoint  is  deleted.  Deletion  of  a waypoint  will  result  in 
the  software  assignment  of  0.0  to  the  Bearing  and  Distance  fields  associated 
with  the  given  waypoint. 

I ( 

A description  of  allowable  edits  for  the  WPT/BRG/DIST  fields  is  given  below: 
Entry  for  Waypoint  Identifier: 

Acceptable  entries  consist  of  a single  scratch  pad  digit  (0  through  9) 

Entry  for  Bearing: 

Entries  must  be  preceded  by  a single  slash  (/). 

Range:  0.0  to  360.0  degrees 

, Increment:  0.1  degrees 

Examples:  /5.1 

/05.1 
/005.1 

Entry  for  Distance: 

Entries  must  be  preceded  by  two  slashes  (//). 

Range:  0.0  to  200.0  NM 

Increment:  0.1  NM 

Examples:  //2.9 

//02.9 
//  002.9 
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PM 


W 


it 

|| 

VI)  TTW 

The  Time-to-Waypoiht  field  serves  as  a display  field  only.  The  value 
displayed  represents  the  current  estimate  of  time  required  to  reach 
the  waypoint  specified  by  the  Use -waypoint,  MSI  input  for  desired  course, 
and  current  parallel  offset. 

Range:  .0  to  99.9  minutes  (values  exceeding  99.9  minutes  will  be 

displayed  as  99.9  minutes). 

Resolution:  0.1  minutes 

VII)  DIST 

This  field  is  used  to  display  Distance  to  the  present  To-waypoint. 

Edits  are  not  allowed. 

Range:  .0  to  999.9  NM 

Resolution:  0.1  NM 

VI.II)  GS 

This  field  is  used  to  display  the  Present  estimate  for  Ground  Speed. 
Range:  0 to  999  knots 

Resolution:  1 knot 

IX)  [dta] 

Desired  Time  of  Arrival  (GMT  units)  is  to  be  entered  for  this  field.  DTA 
may  be  revised  or  deleted  at  any  time.  DTA  deletion  is  accomplished  by 
an  entry  of  a single  minus  sign.  Software  is  required  to  invalidate  an 
existing  OTA  entry  upon  selection  of  a new  USE  waypoint,  or  revision  to 
0"y  of  the  WYPT,  BRG,  or  DIST  fields  of  the  USE-Waypoint. 

Range:  .0  to  2359.9  where  modulo  arithmetic  of  60.0  minutes  is  applied 

to  the  last  three  digits. 

Resolution:  0.1  minute 


66 


X)  GMT 

A GMT  entry  must  be  preceded  by  a slash  mark  (/).  Rules  for  range, 
resolution,  and  display  format  are  the  same  as  those  for  the  DTA  field. 


XI)  IAS  CMD 

This  field  is  used  to  display  Commanded  IAS  as  calculated  by  the  Time 
and  Speed  Control  Algorithm.  Line-Select  entries  are  net  allowed. 

Line  Pair  6 is  used  for  t 3 Early/Late  Display.  Display  formats  for  the  label 
and  data  fields  are  identical  to  those  used  for  the  Base  System. 
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FIGURE  3-1.  Display  of  Revised  Progress  Page  Prior  to  Data  Entries 
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3.3  MSI  Input  for  Selected  Course 

Figure  3-3  illustrates  software  interfaces  for  programs  that  require  access 
to  the  MSI  Input  for  Selected  Course.  The  final  objective  is  to  pass  the 
Selected  Course  input  to  the  Lateral  Navigation  program  as  a course  command 
for  the  present  leg. 


Initial  processing  of  the  input  is  performed  by  the  ASC  Input  Program.  Con- 
verted data  is  recorded  in  the  ADHD  data  structure.  The  Flight  Plan  Monitor 
uses  the  Course  input  to  determine  the  coordinates  of  the  TO-waypoint.  The 
Selected  Course  Input  is  then  passed  to  the  Navigation  Channel  as  the  flight 
plan  parameter  for  Course-Into-the-Waypoint  (CRSI  Component). 

Geometry  for  computation  of  the  TO-Waypoint  is  given  in  Figure  3-4. 
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FIGURE  3-3 


Software  Interfaces  used  to  implement  HSI  Input  for  Selected  Course 
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FIGURE  3-4 

Geometry  for  Computation  of  Waypoint  Referenced  for  Navigation  Purposes 


V:  Navaid  specified  on  Progress  page 

a:  Bearing  specified  as  Waypoint  Parameter  on  Progress  page 

0:  Distance  specified  as  Waypoint  Parameter  on  Progress  page 

W]:  Coordinates  of  Use  Waypoint 

B:  HSI  Input  for  Desired  Course 

OFST:  Parallel  Offset  as  specified  on  Progress  page 

W2:  Coordinates  of  Waypoint  referenced  for  Navigation 
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3.4  Time  Control  Algorithm 

The  2D  Plus  Time  Control  System  computations  for  Time  Control  are  only  appli- 
cable to  the  leg  presently  being  flown.  Maximum  use  is  made  of  existing  data 
declarations  for  the  Base  System.  Software  interfaces  are  similar  to  those 
defined  for  the  Base  System,  i.e.,  control  is  given  to  a procedure  called 
TIMCNTRL  every  cycle  by  the  CDU  Main  Control  Program.  Procedure  TIMCNTRL 
will  monitor  the  system  clock  and  status  of  flight  plan  revisions  to  determine 
the  necessity  of  executing  the  Time  Control  Algorithm  for  the  given  cycle.  A 
task  description  for  TIMCNTRL  is  given  below. 

A program  listing  of  the  TIMCNTRL  routine  is  given  in  Appendix  D 


Task  Description  for  the  2D  Plus  Time  Control  System 
Time  Control  Algorithm 

Task  Specification  for  2D 
System  TIMCNTRL  Procedure 


Procedure  Type 

Procedure  TIMCNTRL  ( ) 

Module 

2D  Plus  Time  Control  System  Version  of  Time  and  Speed  Control 
Task  Summary 

Time  Control  computations  for  the  system  are  only  valid  for  the 
present  leg.  Computations  are  performed  whenever  either  1)  ten  seconds 
have  elapsed  since  the  last  execution  of  the  Time  Control  Algorithm,  or 
2)  a Flight  Plan  Revision  has  occurred  since  the  last  cycle.  Tha  latter 
condition  is  determined  by  monitoring  NLTOCHG  for  a value  of  VALID. 

Computations  required  for  the  display  of  Time  Control  parameters  are  recorded 
in  VCOMI,  VCOMIF,  EARLY,  TIMERR,  and  TIMERF.  Declar’tions  for  this  set  of 
parameters  are  defined  by  the  Base  System  insert  file  DATAZ6I1. 


Internal  Data  Structure 


Synonym  Declarations: 

CYCLE. TIME  Minimum  time  allowed  between  Time-Control  computations. 

CYCLE. TIME  is  to  be  assigned  a value  of  10  seconds,  i.e., 
(10  sec)  (1000000  us/sec) 

CYCLE. TIME  - 

(409.6  us/count) 

Integer  Declarations: 


SYMBOLIC  DESCRIPTION 

NAME 

TALCLOCK  Own  record  of  last  time  that  the  Time  Control  Computations  were 

executed. 

GMTI  Own  copy  of  GMTS  expressed  in  terms  of  GMT  units  (1?  hours). 

Real  Declarations: 


SYMBOLIC 

NAME 

ACTAS 

ACALT 

ACIASERR 

ACNWND 

ACEWND 

DESIRED. CRS 

WATK 


DESCRIPTION 

Own  snapshot  of  Aircraft  True  Air  Speed. 

Owi:  '".apshot.  cf  Aircraft  Baro  Altitude. 

Own  snapshot  of  IAS  error  as  recorded  by  the  IAS  Instrument. 

Own  snaoshot  of  the  North  Component  for  Wind. 

Own  snapshot  of  the  East  Component  for  Wind. 

Own  snapshot  of  the  MS I course  input. 

Along-track  component  of  wind  for  the  vector  whose  origin  and 
direction  are  given  as  present  aircraft  coordinates  and  DES1REP.CRS, 
respectively. 


KALT 


Altitude  Proportionality  factor  required  for  the  conversion  from 
TAS  to  IAS. 


KALI  SCALE 

CKTR 

CMTCCNV 


1 


Scale  Factor  required  to  prevent  overflow  for  the  TAS  to  IAS 
computation. 

Own  copy  of  GMTS  expressed  in  terms  of  Navigation  Time  Units. 

Conversion  factor  used  to  convert  C.MT  to  Navigation  Time  Units. 
GMrCONV  - 10.8039624/1?. 

Commanded  Time-to-Go  to  arrive  at  the  To-Waypuint. 


>•  :::cn  External  to  Procedure  TIMCNTRL; 


' v - .'  "" 


Synonym  Declarations  assigned  to  VCOMIF: 


SYMBOLIC 

NAME 

ASSIGNED 

VALUE 

INSERT 

FILE 

DESCRIPTION 

IASVALID 

15 

DATAZ6I1 

A valid  commanded  IAS  has  been  calculated 
by  TIMCNTRL. 

IVGMT 

14 

DATAZ6I1 

Either  1)  GMT  has  not  been  entered  via  the 
CDU,  or  2)  a power  interrupt  of  duration 
exceeding  two  seconds  has  invalidated  GMT. 

IVTAS 

13 

DATAZ6I1 

The  Air  Data  Sensor  input  for  TAS  is  invalid. 

IVALT 

11 

DATAZ6I1 

The  Altimeter  sensor  input  for  Baro  Altitude 
is  invalid. 

Integer  Declarations: 

SYMBOLIC 

NAME 

INSERT 

FILE 

DESCRIPTION 

TCOM 

DATAZ6I1 

Commanded  Arrival  Time  for  the  To-Waypoint. 

TCOMF 

DATAZ6I1 

Validity  flag  (full  word)  for  TCOM. 

VCOMIF 

DATAZ6I1 

Validity  flag  (full  word)  for  VCOMI. 

TIMERF 

DATAZ611 

Validity  flag  (full  word)  for  TIMEFRAand  EARLY. 

GMTS 

Present 

value  of  GMT  in  seconds. 

DMTGF 

NTABN6I1 

Validity  flag  (Byte)  for  DMTG. 

DTTGF 

NTABN6I1 

Validity  flag  (Byte)  for  DTTG. 

TASF 

NTA3N6I1 

Validity  flag  (Byte)  for  TAS.  TASF  is  declared 
as  a component  for  pointer  ADHD. 

BALF 

NTABN6I1 

Validity  flag  (Byte)  for  Baro  Altitude.  BALF  is 
declared  as  a component  for  pointer  ADHD. 

Real  Declarations: 

. 

SYM30LIC 

NAME 

INSERT 

FILE 

DESCRIPTION 

VCOMI 

DATAZ6I1 

Commanded  IAS  displayed  on  th  . CDU  and  IAS  instru- 
ment. VCOMI  is  a fraction  o'"  1000  kts. 

VCOMT 

DATAZ6I1 

Commanded  TAS  calculated  by  TIMCNTRL. 

EARLY 

DATAZ6I1 

Early/Late  indicator  calculated  by  TIMCNTRL  and  used 
to  control  the  EARLY  and  Late  displays  on  the  CDU. 

A positive  value  is  used  to  indicate  a late  status. 

TIMERR 

DATAZ6I1 

Expected  arrival  time  error  for  the  Tj-Waypoint. 
TIMERR  is  expressed  in  lateral  navigation  time  units 

MINR 

DATAZ6I1 

Minimum  magnitude  that  REAL  numbers  may  be  assigned 
on  the  U-1108. 

MAX64 

Maximum  magnitude  that  Real  numbers  may  be  assigned 
on  the  U-1108. 

DKTG 

NTABN6I1 

Distance  between  the  aircraft  and  the  To-Waypoint. 

DTTG 

NTABN6I1 

Estimated  time  required  to  arrive  at  the  To- 
waypoint. 

TAS 

NTABN6I1 

Sensor  input  for  True  Air  Speed.  TAS  is  declared 
as  a component  for  the  ADHD  structure. 

BALT 

NTABN6I1 

Sensor  input  for  Baro  Altitude.  BALT  is  declared 
as  a component  for  the  AOHD  structure. 

DELV 

NTABN6I1 

IAS  Instrument  Error.  DELV  is  declared  as  a 
component  for  the  ADHD  structure. 

HSICRS 

NTABN6I1 

Desired  course  as  input  via  the  HSI.  HSICRS  is 
declared  as  a component  for  the  ADHD  structure. 

NWND 

NTABN6I1 

North  Component  of  Wind. 

EWND 

NTABN6I1 

East  Component  of  Wind. 
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Task  Description 


IF  Ten  seconds  have  elapsed  since  the  last  execution  of  the  Time  Control 
Algorithm 

OR  A flight  plan  revision  has  occurred  since  the  last  cycle  (i.e.,  NLTOCHG 
EQL  VALID) 

THEN  BEGIN  ...  Computations  Required 

Update  own  clock  reading. 

Assign  an  INVALID  status  to  TIMERF,  the  validity  flag  for  arrival  time  error. 

Record  the  status  of  VCOMI  i.e., 

VCOMIF  = IF  invalid  GMT  THEN  IVGMT 

ELSE  IF  invalid  aircraft  true  air  speed  THEN  IVTAS 
ELSE  IF  invalid  aircraft  altitude  THEM  IVALT 
ELSE  IASVAL ID 

IF  VCOMIF  has  a status  of  IASVAL ID 
THEN  BEGIN  ...  VCOMI  VALID 

After  yielding  channel  time,  record  a snapshot  of  sensor  data  needed 


for  own  computations 

i i.e.. 

ACTAS  = 

Aircraft  True  Air  Speed, 

ACALT  « 

Aircraft  Baro  Altitude, 

ACIASERR  = 

IAS  Instrument  Error, 

ACNWND  = 

North  Component  of  Wind, 

ACEWND  = 

East  Component  of  Wind, 

DESIRED.CRS  = 

HSI  Course  Input. 

• 

Calculate  the  along-track  component  of  wind  for  the  course  presently 
input  via  the  HSI,  i.e., 

WATK  = - [ACNWND*NCO$ (DESIRED.CRS) 

+ACEWND*NSIN (DESIRED. CRS)]. 

Calculate  KALT,  the  Altitude  Proportionality  constant,  i.e., 

KALT  = RLMTF[ACTAS-VCOKI-ACIA$ERR)*KALTSCALE,ACALT*ACTAS-MiNR] 

. ...Limit  function  used  to  protect  against  overflow  in 

KALT  computation. 

KALT  « KALT/(ACALT*ACTAS) . 

Limit  KALT  to  the  interval  (.10,  .15),  i.e., 

KALT  > RMAXF[RMINF(KALT, . 15) , . 1], 

IF  a commanded  arrival  time  has  been  entered  via  the  CDU, 


THEN  BEGIN  ...  Valid  Arrival  Time 

Calculate  VCOMT,  the  commanded  True  Air  Speed,  i.e., 

VCOMT  = RLMTF(DMTG,DTTG-MINR)/DTTG-WATK. 

Convert  Commanded  TAS  to  Commanded  IAS,  i.e., 

VCOMI  = [MAX64-(KALT*ACALT)/KALTSCALE]*VC0MT. 

Limit  VCOMI  to  upper  limit  of  IAS  instrument  (300  kts  for  G-I, 

410  kts  for  C-880). 

Determine  commanded  Time-To-Go,  i.e., 

GMTI=TC0M-GMTS  ...Integer  arithmetic  required  as  GMTS  is 
declared  an  Integer. 

TTGCOM=GMTR/GMTCONV  ...Convert  to  Lateral  Nav  Time  Units. 

EARLY  = TTGCOM-DTTG.  ...Sign  of  EARLY  provides  EARLY/LATE 

indication  for  CDU  Display. 

TIMERR  = ABS  (EARLY)  ...Record  magnitude  of  arrival  time 

error  for  CDU  display. 

END  ...Valid  Arrival  Time. 

END  ...VCOMI  VALID. 

Assign  an  INVALID  status  to  NLTOCHG  to  indicate  computations  are  not  required 
next  cycle. 

END  ...Computations  Required. 
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Section  4 

RNAV/ILS  INTERFACE  DESIGN 


4.1  Introduction 

The  ILS  program  is  managed  by  a main  or  executive  routine.  This  routine 
is  an  interface  between  the  ILS  program  and  the  navigation  program.  This 
section  describes  operations  which  transition  the  boundary  between  the 
ILS  executive  program  and  the  3D/4D  main  program.  A description  of  the 
executive  program  is  contained  in  Appendix  E. 

4.2  Operation 

4.2.1  Mode  Selection 

The  overall  view  of  the  ILS  mode  is  achieved  by  selecting  the  ILS 
page.  This  is  done  by  pushing  the  ILS  line  select  key  with  the 
INDEX  page  on  the  CDU.  After  pushing  this  key,  the  ILS  page  will 
appear  on  the  CDU.  Refer  to  Figure  1 for  a diagram  of  the  ILS  CDU 
page.  If  the  localizer  programs  are  not  in  core,  the  ILS  page  will 
indicate  dashed  lines  under  the  STATUS  label.  At  any  time  the  para- 
meters ILS  FREQ,  TD  WPT  (touchdown  waypoint),  RWY  CRS  (runway  course), 
LENGTH  (runway  length)  can  be  entered  for  data  storage  to  be  used  for 
the  ILS  computations.  Allowable  ranges  for  these  parameters  are  as 
follows: 
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a.  Runway  courses 


0-360  degrees 


b.  Runway  length 


c.  ILS  frequency 


d.  Touchdown  waypoint 


5-16  thousand  feet 


a valid  ILD 
frequency 


error  message  on 
scratchpad  if  not  within 
these  bounds  --  will  not 
accept  further  comunds 
until  error  message  re- 
moved. 

error  message  if  not 
within  these  bounds  -- 
defaults  to  9, COO  feet 

error  message  if  non-ILS 
frequency  --  cannot 
accept  further  cowards 


A waypoint  already 
entered  in  the  flight 
plan 


error  message  if  can- 
not be  found  --  can- 
not accept  other 
commands  until  message 
has  been  cleared. 


The  ILS  program  tape  will  be  loaded  when  the  ILS  page  is  "up"  and  when 
mode  is  selected  for  the  first  time.  The  three  modes  available  are  LOC, 
APPR  AUTO,  and  RNAV.  LOC  is  an  ILS  mode  using  only  localizer  guidance. 
APPR  AUTO  is  an  ILS  mode  using  localizer  and  glideslope  guidance.  The 
operation  of  the  ILS  modes  will  be  discussed  in  a later  paragraph. 
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When  the  program  is  loaded,  a message  will  indicate  that  a "DATA 
SEARCH"  is  in  effect.  The  ILS  computations  will  not  be  accessed  until 
the  program  is  completely  loaded.  The  mode  selected  will  be  checked 
for  validities  and  if  the  mode  is  not  generated,  an  INVALID  message 
will  be  displayed  near  the  mode  selector  (on  the  same  line).  If  at 
any  time  the  mode  becomes  valid,  INVALID  will  be  extinguished.  If 
the  mode  is  again  selected,  LOC  or  APPR  AUTO  will  be  displayed  under 
STATUS  and  it  will  become  engaged.  If  during  the  engagement  of  LOC 
a capture  has  not  been  effected  and  APPR  AUTO  is  selected,  and  if 
the  validities  are  checked  and  approved  for  APPR  AUTO,  then  APPR  AUTO 
will  replace  LOC  under  STATUS.  If  the  validities  do  not  check,  IN- 
VALID will  be  displayed  by  APPR  AUTO  mode.  Once  the  INVALID  ex- 
tinguishes, if  it  does,  the  mode  must  be  reselected  before  it  will 
take.  Before  any  attempt  to  use  either  mode,  the  INVALID  will  not  appear. 
In  other  words,  the  INVALID  can  occur  only  after  a request  has  been  checked 
and  refused.  Notice  that  the  refusal  of  APPR  AUTO  does  not  discontinue 
the  present  use  of  LOC.  The  program  tape  will  be  loaded  if  R-NAV  is 
selected.  The  program  tape  will  also  he  loaded  with  the  selection  of  the 
LOC  or  APPR  AUTO  modes.  When  R-NAV  is  used  to  load  the  program  tape, 

R-NAV  remains  as  the  STATUS  or  selected  mode. 


To  discontinue  the  use  of  ILS  modes,  R-NAV  is  selected.  If  AP  is  dis- 
engaged, R-NAV  will  appear  under  STATUS  and  R-NAV  will  be  enqaged  and 
a message  will  appear  in  the  scratchpad:  PUSH  TO  RELOAD  R-NAV  DATA. 
Upon  the  second  selection  of  R-NAV,  the  R-NAV  data  base  will  be  over- 
laid, removing  the  ILS  program.  DATA  SEARCH  will  be  displayed  on  the 
scratchpad  while  the  transition  is  occurring.  ILS  will  not  be  used 
or  serviced  in  any  manner  during  the  transition.  If  JocaJj^r  _is_ 
i nprog_re  ss  and  the  au  topi  lot  is  e near,  e d,  R-NAV  wi  1 1 not  bee  erne  en- 
gaged wi th  the  selections  of_  R-NAV.  A message  wjjl  appear  on  me 
scratchpad  Indicating  mat  “DISENGAGE  A/P  BEFORE  SELECTING  R-NAV.” 

The  re-loading  of  the  R_-NAV_  data  will  also  be  prevented  until  A/P 
disengage . 

,2  Annunciators 


An  ILS  ANNUNCIATOR  panel  will  be  mounted  on  the  glareshield.  The 
annunciator  panel  will  display  messages  as  shown  in  Fiqure  2.  LAJT 
NAV  will  be  annunciated  when  the  autopilot  is  enqaged  (APEMG)  or 


the  flight  director  Is  enaaqed  (FOENC),  the  R-NAV  system  is  er.aaoed 

and  the  system  is  not  ic 

monnq  conventional  R-NAV  steerino  outputs 

(i.e.,  not'  durinq  locali 

zer  capture/trackinn).  LOC  ARM  is  annun- 

dated  during  localizer 
capture. 

arm.  LOC  is  annunciated  during  localizer 

• ■ ■ MNM 


MESSAGES 


LOCCAP 

l1 

I 

i 1 

LOC 

r 

FDENG 


RNAV  ENG 


GSCAP 


Figure  4-2.  RNAV/ILS  Annunciator  Panel  Messages 


Similar  logic  holds  for  V-NAV.  VNAV  is  annunciated  when  the  auto- 
pilot is  engaged,  (APENG)  or  the  flight  director  is  engaged  (FDENG), 
the  VNAV  system  is  engaged  and  tne  system  is  not  in  glideslope 
capture/tracking.  G/S  ARM  is  annunciated  during  glideslope  arm. 

G/S  is  annunciated  during  glideslope  capture. 

4.2.3  Mode  Description 

LOC  (LOCALIZER)  MODE 

Selection  of  the  LOC  mode  will  automatically  inhibit  the  glideslope 
computations.  Only  a localizer  capture  and/or  track  will  then  result. 
If  the  capture  conditions  or  logics  have  not  been  satisfied  and  the 
processor  is  in  a valid  R-NAV  submode  it  will  continue  to  fly  the 
submode  until  the  capture  conditions  are  satisfied.  If  capture  con- 
ditions are  satisfied  and  exceeded  (track  conditions  exist)  the  com- 
putations will  automatically  compute  track  computations.  At  the  time 
of  LOC  mode  selection,  all  validities  or  parameters  monitored  must  be 
valid  to  engage  the  mode.  Once  engaged,  loss  of  any  validity  will 
cause  the  computer  flag  output  to  drive  the  computer  flag  in  the  ADI. 


Signals  monitored:  LOC  SUPER  FLAG,  LOC  FREQ,  COMPASS. 
Annunciator  sequencing:  LAT  NAV,  LAT  NAV  and  LOC  ARM,  LOC 
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APPft  AUTO  (APPROACH  AUTOMATIC)  MODE 

APPR  AUTO  mode  is  much  like  LOC  mode  except  automatic  glideslope 
captures  car.  be  effected.  The  computer  will  sense  and  switch  both 
localizer  and  glideslope  computations  according  to  the  level  of  the 
logics.  That  is,  if  localizer  and  glideslope  capture  conditions 
are  not  satisfied,  the  submodes  will  continue  to  be  used.  Upon 
proper  detection  of  the  necessary  conditions  to  effect  captures,  the 
captures  will  occur  automatically.  If  the  capture  conditions  have 
been  satisfied  by  either  or  both  channels,  either  or  both  will 
start  computing  the  track  computations.  Glideslope  capture  is 
inhibited  from  occurring  before  LOC  capture. 


Signals  monitored:  ALL  OF  THOSE  IN  4.2.3  and  G/S  SUPER  FLAG, 
ALTITUOE. 

Annunciator  sequencing:  LAT  NAV  AND  VERT  NAV,  LAT  NAV  AND 
VERT  NAV  and  G/S  ARM  and  LOC  ARM,  LOC  and  G/S. 

4.2.4  Display  Control 

The  ILS  maneuver  will  be  performed  using  an  ADI  and  HSI  much  as  is 
done  with  existing  conventional  systems.  Steering  commands  for  the 
flight  director  will  be  supplied  to  the  flight  director  computer  for 
display  on  the  ADI.  Deviation  indicators  will  be  driven  by  the  3D/4D 
ILS  computations  during  the  ILS  approach.  ~~ 

The  HSI  will  be  controlled  whenever  a val id  LOC  ARM  i sannupciated 
,r  latched.  Control  over  tne  course  pointer,  deviation  indicators 
and  distance  readout  will  be  _e  1 tec  ted  by  tne  30/4 D main  program  at 

that  time. 

4.3  US  EXECUTIVE  PROGRAM  OPERATION 

The  ILS  executive  program  interfaces  the  ILS  approach  computations  with 
the  overall  3D/4D  main  computational  program.  .The  executive  program 
converts  data  passed  to  it  from  tne  main  3D'4D  program  for  use  in  the 
glideslope  and  localizer  computational  routines.  In  the  ILS  executive 
program  decisions  are  also  made  on  validities  and  mode  selection  loaic. 
Basically  the  ILS  executive  program  provides  overall  administration  to 
the  computational  routines.  The  operation  as  describee  in  the  previous 
sections  of  this  paper  are  partly  accomplished  by  the  ILS 
executive  program.  The  other  part  is  accomplished  by  the  3D/4D  main 
program.  Figure  4-3  is  the  flow  diagram  for  the  ILS  executive  program. 

AED  codinq  of  ILS  executive  program  is  included  in  Appendix  E.  From 
Figure  4-3,  when  the  ILS  page  has  been  selected  and  the  ILS  program  has 
been  loaded  from  tape,  the  ILS  executive  program  is  serviced  by  trans- 
ferring data  to  the  ILS  executive  program.  This  is  followed  by  a preset 
(Initial  conditions  operation). 

From  data  passed  from  the  3D/4D  program  and  ILS  page,  the  distance  to  touch- 
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down  is  now  computed.  Next  in  sequence,  the  mode  validities  are  update 
to  establish  the  validity  of  each  mode  servicrJ  by  the  1LS  executive 
program. 

At  this  point,  the  present  requested  mode  is  compared  to  the  mode  now 
considered  active  by  the  ILS  executive  program.  If  the  requested  and 
active  mode  are  the  same,  program  flow  is  routed  to  point  1. 

If  the  requested  mode  is  not  the  same  as  the  active  mode,  the  validity 
of  the  requested  mode  is  checked.  If  the  requested  mode  validity  is 
true  (mode  valid)  then  the  active  mode  is  set  to  the  requested  mode. 

If  the  requested  mode  is  false  (mode  checked  invalid),  the  previous 
active  mode  is  retained  (requested  mode  denied). 

« 

Program  flow  now  proceeds  to  point  1.  If  the  active  mode  is  R-NAV,  ' 
program  flow  is  routed  directly  to  point  2.  R-NAV  pitch  and  roll 
steering  data  is  transferred  back  to  tie  3D/4D  main  program  unaltered. 

Notice  also  before  control  is  transferred  back  to  the  3D/4D  main  program, 
annunciator  and  mode  validity  updates  are  transferred  back  to  the  3D/4D 
main  program.  This  is  true  every  computational  cycle. 

The  parameter  RESETL  and  RESETG  was  set  true  when  proqram  flow  was 
routed  control  from  point  1 directly  to  point  2.  These  parameters 
are  always  maintained  true  until  after  the  first  time  either  the 
localizer  computation  or  glideslope  computation  is  executed.  The  resets 
will  be  further  treated  below. 

At  point  1,  should  the  active  mode  be  either  loca’izer  (LOC)  or  approach 
auto  (AF-PP.  AUTO),  then  the  next  action  is  to  check  the  validity  of  the 
active  mode.  The  computer  flag  is  next  set  depending  upon  whether  the 
active  mode  va’idity  is  true  or  false.  If  the  validity  is  true  (mode  deter- 
mined valid),  tne  computer  flag  is  set  true  (not  displayed).  If  the  validity 
is  false,  the  computer  flag  is  set  false  (the  computer  flag  on  tr.e  ADI  is 
displayed). 

At  this  point  the  localizer  computations  (localizer  control  laws  for 
determining  rol  steering  commands)  are  serviced.  When  control  returns 
to  the  ILS  executive  routine  RESETL  is  set  false.  RESETL  has  been  used 
to  establish  that  the  localizer  computations  have  been  serviced  for  the 
first  time.  This  is  used  as  a key  for  setting  initial  conditions. 

Notice  that  RESETL  will  now  be  false  unless  R-NAV  mode  is  re-established. 

From  information  passed  to  the  executive  program  from  the  localizer  com- 
putation, the  ILS  main  program  passes  bank  steering  commands  to  the 
3D/4D  main  program  if  the  localizer  mode  has  been  determined  to  be  in 
a capture  or  track  submode.  If  in  the  arm  submode,  bank  steering 
commands  are  not  passed  to  the  3D/4D  main  program.  Control  is  essentially 
achieve^  therefore  by  the  ILS  main  program  overwriting  the  R-NAV 
steering  commands.  Notice  that  no  overwriting  will  occur  if  the  arm 
submode  is  the  present  status.  R-NAV  continues  to  be  flown  during  the 
arm  submode. 
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After  passing  through  the  localizer  routines,  a decision  is  made  based 
upon  whether  the  active  mode  is  localizer  or  approach  auto.  If  localizer 
mode  is  tne  active  mode  program  flow  proceeds  directly  to  point  2. 
Otherwise  the  glideslope  computations  are  serviced.  The  operation  of 
the  ILS  executive  program  in  regard  to  the  glideslope  computations  is 
almost  identical  to  that  described  above  for  the  localizer  computation. 
RESETG  is  used  ,n  an  identical  manner  to  the  use  described  for 
RESET L above. 

Once  point  2 has  been  reached  independent  of  the  route,  annunciator 
and  validity  data  is  transferred  to  the  3D/4D  main  program.  The  HS I 
to-from  flag  information  is  also  passed  at  this  point.  The  ILS 
executive  program  is  now  exited  and  program  flow  moves  to  the  30/40 
main  program. 

The  flow  graph  of  Figure  4-3  describes  one  computational  cycle  of  the  ILS 
executive  program.  The  ILS  computation  is  processed  five  times  a 
second  and  its  throughput  time  is  in  the  order  of  milliseconds. 
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Section  5 

LATERAL  ILS  CONTROL  LAW 
DESCRIPTION  AND  ANALYSIS 


5.1  Introduction 

There  has  been  interest  for  some  time  in  using  area  navigation  system  derived 
data  to  aid  in  localizer  captures.  Reference  1 describes  one  pre.’minary 
Colli. .s'  study  that  investigated  this  technique.  Localizer  capture  algorithms 
in  general  suffer  from  two  important  disadvantages.  Range  information  is  not 
generally  available,  hence  the  capture  law  is  usually  optimized  for  a given 
range  and  performance  degradation  occurs  on  either  side  of  the  optimum  range. 
Reference  2 describes  an  attempt  to  overcome  some  of  this  deficiency  by  esti- 
mating range  from  beam  and  air  data.  This  approach  showed  promise  but  if  ar. 
area  navigation  system  were  available,  range  information  would  be  inherently 
present.  The  second  difficulty  in  localizer  captures  is  that  the  lc^alizer 
beam  provides  angular  deviation  from  a reference  centerline.  Hence  as  one 
moves  closer  to  the  localizer  antenna,  the  "beamwidth"  of  the  loc-lizer  beam 
in  distance  units  (e.g.  ft.)  grows  smaller.  Thus  the  available  space  to  ex, 
cute  a turn  onto  final  course  once  the  beam  is  intercepted  •■hrinks  rapidly. 

As  an  example,  the  turn  radius  associated  with  30°  of  bank  at  an  airspeed  of 
200  ft/sec  implies  that  for  a 90  degree  bean  intercept,  centerline  overshuot 
will  occur  at  ranges  snorter  than  7.5  nm  assuming  capture  starts  (with  instan- 
taneous 30°  of  bam;)  at  20C  dcviat,-'n.  At  higher  airspeeds,  the  minimum 
range  without  overshoot  wi  1',  increase.  An  area  navigation  syster  of fet  _ 
potential  alleviation  of  this  situation  by  permitting  the  initiation  of  cap- 
tures prior  to  beam  intercept,  thus  avoiding  the  geometry  limits  describe^1 
above.  The  R-NAV  aided  approach  also  has  problems,  however.  The  inherent 
errors  in  the  R-NAV  estimates  of  position  and  velocitv  are  such  that  if  care 
is  not  exercised,  a capture  initiated  on  R-NAV  data  may  turn  short  missing 
the  beam  entirely  or  such  a capture  nay  turn  late  resulting  in  qro^s  over- 
shoots. Reference  1 described  two  approaches  to  overcoming  thse  problems. 

The  first  approach  involved  never  turning  to  a lesser  course  cut  tfian  45’ 
before  intercepting  the  beam.  This  worked  well  in  terns  of  localizer  ever- 
sf.aot  but  resulted  in  two  distinct  "up-down"  bank  commands  or  a "double  bank" 
characteristic  which  was  considered  by  some  to  be  objctionable.  The  second 
approach  studied  in  Reference  1 was  to  always  initiate  the  R-NAV  aidea  capture 
with  30°  of  bank  command,  but  to  start  fading  the  bank  command  almost  imme- 
diately so  that  hopefully  a smooth  blend  with  beam  based  bank  commands  at 
localizer  intercept  resulted.  This  approach  had  a more  desirable  bank  charac- 
teristic but  appeared  to  pose  formidable  difficulties  in  properly  programming 
the  bank  command  fade  in  general.  The  approach  to  be  discussed  in  this  section 
avoids  the  double  bank  characteristic,  uses  an  adaptaole  initial  bank  command 
(i.e.  not  always  30  degrees),  and  provides  a solution  to  the  bank  command 
fade  problem  in  the  c se  where  the  -/stem  is  tending  to  turn  snort  of  the  beam. 
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5.2  Summary 

An  R-NAV  aided  capture  algorithm  has  been  developed  which  provides  good 
localizer  capture  performance  in  the  presence  of  nominal  R -NAV  errors. 

The  system  uses  R-NAV  aiding  only  when  needed.  When  geometry  constraints 
permit,  the  system  uses  primarily  beam  data  and  bank  information  relying 
on  the  R-NAV  system  only  for  range  as  a primary  piece  of  data.  Track 
angle  error  from  the  R-NAV  system  is  used  in  this  mode  but  in  a way  that 
makes  the  system  relatively  insensitive  to  errors  in  this  data.  The  technique 
developed  here  assumes  an  integrated  r-NAV/ILS  flight  computer,  but  could 
be  readily  adapted  to  separate  R-NAV  and  flight  computers  with  minimal  inter- 
face requirements.  This  report  does  not  detail  simulation  results,  but 
design  goals  of  maximum  localizer  overshoot  less  than  30  cA  and  bank 
activity  in  established  track  less  than  1°  rms  with  2.5  '..A,  lo  beam  noise 
(x  = 4 sec.)  and  R-NAV  errors  of  +.2  nm  in  CTD,  +2°  in  TAE,  and  +40  ft/sec 
in  ground  speed  have  been  demonstrated  in  hybrid  simulation  at  ranges  from 
5 nm  to  25  nm  from  localizer  antenna  and  course  cuts  from  0 to  90  degrees. 
Simulation  results  are  detailed  in  Reference  4. Table  5-1  provides  a concise 
summary  of  the  developed  system, 

5.3  Details  of  the  Study 

5.3.1  Framing  of  the  Strategy 

Figure  5-1  illustrates  three  potential  situations  that  may  occur  when 
performing  an’  R-NAV  aided  capture.  For  convenience  they  will  be 
referred  to  as  the  "turn  short",  "good  data",  and  "turn  long"  cases. 

For  captures  with  trip  point  within  the  beam,  as  shown  in  the  fourth 
case  of  Figure  5-1.  no  R-NAV  aiding  is  needed.  Also  shown  in  Figure5-1 
are  the  required  bank  traces  for  each  case  if  a successful  capture  is 
to  occur.  The  following  argument  serves  to  validate  the  selection  of 
these  three  R-NAV  aided  cases  as  basic. 

If  one  is  to  start  the  capture  based  on  R-NAV  data,  he  has  no  choice 
but  to  establish  a trip  point  algorithm  based  on  area  navigation  data 
and  consequently  must  design  a system  to  be  tolerant  of  trip  point 
shifts  due  to  R -NAV  errors.  Since  capture  trip  points  in  general  must 
be  a function  of  velocity,  this  means  not  only  cross  track  distance 
ei . ors  but  also  velocity  errors  will  affect  the  trip  point  computation. 
Assuming  a constant  bank  capture  algorithm,  the  three  possible  situations 
that  may  exist  once  the  capture  has  begun  are  shown  in  Figure  5-1  as  dis- 
cussed above.  The  "turn  long"  case  is  critical  in  terms  of  amount  of 
bank  command  to  use.  If  the  system  is  turning  long  then  a "reserve" 
of  bank  command  must  be  avai lable (once  beam  data  is  present)  to 
increase  the  bank  command  to  the  required  amount.  Hence,  since  the 
"turn  long"  case  may  be  present,  the  nominal  bank  in  an  R-NAV  aided 
capture  should  not  be  the  bank  command  limit  (normally  about  30°). 

Note,  however,  that  this  is  not  an  absolute  constraint  but  rather  a 
consequence  of  the  strategy  being  considered  here.  One  could  always 
force  the  system  to  "turn  short"  (see  below)  and  thus  avoid  the  “turn 
long"  case  entirely,  but  the  strategy  adopted  here  seems  more  natural 
to  the  author.  In  summary,  the  approach  adopted  is  to  leave  some  room 
for  bank  to  increase  in  case  the  "turn  long"  case  occurs. 
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Table  5-1.  Sunniary  of  RNAV  Aided 

Localizer  Capture  and  Track  Laws 
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early  trip  (liAVCAP)  in  those  cases  where  CTD  errors  from  the  ANAV  would  i ni  tiate(unneces$- 
arily)  capture  outside  the  beam  edge.  Applicable  software  variable  is  "ILSLOK". 

Localizer  deviation  (LOCDEV)  is  rate  conmand  limited  (limit  is  programmed  with  TAE  and 
airspeed)  to  protect  against  sudden  transients  which  could  cause  false  captures  as  well  as  command 
transients.  Applicable  software  variable  is  MXDLDV  ("maximum  delta  in  deviation"). 
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Figui?  5-1.  Area  Nav  Aided  Localizer  Capture. 
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The  other  disconcerting  situation  that  can  occur  is  the  "turn  short" 
case.  Here  one  must  be  very  careful  because  the  beam  could  b’  missed 
entirely  (i.e.  beam  intercept  might  not  occur).  To  guard  against  this 
situation,  some  means  must  be  present  to  detect  when  the  system  has 
turned  far  enough.  Recall  that  Reference  1 took  the  approach  of  never 
letting  the  system  turn  to  less  than  a 45°  course  cut  relative  to  the 
beam.  The  approach  here  is  similar  in  that  it  restricts  course  cut 
relative  to  the  beam,  but  is  a new  development  in  that  it  conditions  the 
permissable  minimum  course  cut  based  on  the  state  of  the  system  and 
provides  a precise  bank  command  fade  algorithm  which  is  a function  of 
the  computed  minimum  course  cut.  This  will  be  discussed  in  more  detail 
in  Section  5.3.2.  For  the  moment,  we  note  that  in  the  "turn  short" 
case  a "blend  down"  algorithm  must  be  provided  to  prevent  turning 
parallel  to  the  beam  and  to  smoothly  transition  bank  command  to  beam 
based  data. 

Several  design  problems  are  posed  by  the  discussion  above: 

1.  A capture  trip  point  algorithm  is  needed  which  keeps 
nominal  bank  in  capture  significantly  less  than  the 
bank  command  limit  to  handle  the  "turn  long"  case. 

2.  A "blend  down"  algorithm  must  be  provided  to  handle 
the  "turn  short"  case. 

3.  Good  data  filtering  is  needed  to  provide  noise  suppression 
without  excessive  lag  in  order  that  the  real  system  will 
closely  approximate  the  theoretical  system. 

4.  Smooth  transition  between  modes  and  data  bases  must  be 
provided. 

5.  The  individual  pieces  must  be  melded  into  a composite 
system. 

5.3.2  "Blend-Down" Algorithm 

As  discussed  above,  the  need  for  a blend-down  algorithm  arises  in  the 
“turn  short"  case.  There  are  two  aspects  of  the  blend-down  problem. 

1.  When  should  the  blend-down  be  initiated? 

2.  How  should  the  blend-down  be  programmed? 

The  first  of  these  questions  requires  addressing  the  problem  of  "when 
has  the  system  turned  far  enough?" 


From  Reference  2,  if  the  system  is  executing  a constant  bank  turn  onto 
final  course,  the  bank  command  (BNK-CMD)  should  obey  the  relationship 


BXK.CHD  • -tan-1 


Q7 


(5.1) 


where 


Vg  is  ground  speed 

TAE  is  track  angle  error  or  angle  of  ground 

velocity  vector  relative  to  the  runway  centerline 

CTO  is  cross  track  distance  to  localizer  centerline 

g is  gravitational  constant  (32.17  ft/sec  ) 

and  consistent  units  arc  assumed.  Equation  5.1  holds  through  the 
entire  capture  maneuver;  and  if  all  assumptions  are  satisfied,  TAT 
and  CTD  change  in  such  a way  that  BNK.CMD  remains  constant,  assuming 
no  wind.  If  there  is  a wind,  the  bank  must  change  during  the  capture 
in  order  to  maintain  a circular  track  over  the  ground. 

In  particular,  for  a capture  initiated  outside  the  beam  on  R-NAV  data 
and  neglecting  wind  for  the  moment,  Equation  5.1  should  hold  at  the 
instant  of  beam  intercept.  Now  at  beam  intercept,  since  one  knows 
range  and  localizer  deviation  (IOC. DEV),  tie  can  compute  cross  track 
distance  at  the  beam  edge  (CTDBE).  Further,  since  Vg  and  BNK.CMD 
arc  known,  one  can  compute  the  track  angle  error  at  the  beam  edge  (TAEBE) 
by  solving  iquation  5.1  for  TAE  as 

TAEBE  = COS'1  [1.-  'llCTDB^T  j (5<2) 

Vg^ 

where 

CTDBE  = Range  * Sin  (LOC.DEV) 

with  appropriate  units  used.  If  wind  is  present  Equation  5.2  will 
still  hold  at  any  particular  instant  in  the  turn.  However,  in  simu- 
lation, certain  combinations  of  errors  caused  BNK.CMD  to  converge  in 
such  a way  that  the  TACBE  computation  converged  toward  zero.  Since  this 
is  highly  undesirable  it  was  judged  best  to  compute  TAEBE  once  only  at 
capture  initiation  and  accept  any  resulting  anomalies  due  to  wind,  which 
should  not  be  too  serious  since  wind  will  still  be  factored  correctly 
into  command.  Equation  5.2  is  basically  only  used  to  define  the  trip 
point  for  transition  to  the  blend-down  submode.  That  is,  one  computes 
TAEBE  at  the  initiation  of  capture  and  as  the  capture  proceeds,  he 
continually  tests  TAE  against  TAEBE.  If  the  condition  TAE  * TAEBE 
occurs  prior  to  encounter  of  the  beam  edge,  the  system  is  presumably 
turning  too  fast  and  fading  of  the  bank  command  should  begin.  If  beam 
encounter  occurs  prior  to  TAE  = TAEBE,  then  the  system  should  fade 
immediately  to  bank  command  based  on  beam  data. 


The  second  aspect  of  the  blerd-down  problem  is  the  question  of  how  to 
fade  the  bank.  Assuming  an  exponential  fade  on  bank  command,  the 
following  development  shows  that  the  time  constant  of  the  fade  can 
be  computed  such  that  for  a fade  beginning  at  the  point  TAE  = TAEBE, 
the  system  will  never  turn  further  than  to  TAE  = k*TAEBE  where  o -k-1. 
That  is,  a parameter  k can  be  specified  such  that  under  no  conditions 


will  the  system  turn  parallel  to  the  beam.  For  example,  if  TAEBE  = 
30°  and  k = .5,  then  the  system  will  always  intersect  the  beam  at 
TAE  t k*TAEBE  = 15°.  The  expression  for  faded  bank  command  is  given 
In  Equation  5.3 


♦ c(t)  = *c(to)  exp  rz-^t5^-j 


where 

t Is  time  in  seconds 
t is  time  at  which  the  fade  begins 
♦ c(t)  is  bank  command 

♦c(to)  is  bank  command  just  before  fade  starts 

If  the  maneuver  is  coordinated  and  neglecting  lags  between  bank  and 
bank  command 

* (t)  = 9 tan  3 c(t)  -g  «c(t)  (5.4) 

Uo  Uo 

where  Uo  is  airspeed.  Substituting  from  equation  (5.3) 

• r,  A t*r\\  nvr,  ~t~  tO 


= 9_  *c(to)  exp 


Integrating  equation  5.5  from  t = to  to  t = « yields 
<k  (“)  = ik(to)  + *c^t0^ 


where 


*3  = gt  6 (to) 
Uo  c 


Aik  = ik(~)  - ik(to)  is  the  change  in  ik  that  would  occur 
if  the  fade  continued  indefinitely. 


_ _ Uo  Aik  a t\ 

T 9 i^lto)  (j*7) 

Is  a relation  for  the  time  constant  of  the  fade  which  permits  us 
to  specify  the  maximum  permissible  change  in  heading  during  the  fade*. 


‘Admittedly  a number  of  approximations  are  made  here,  notably  i ~ tan  t 
and  neglecting  of  bank  loop  lags,  but  inclusion  of  these  details  would 
be  somewhat  gruesome,  and  would  not  alter  the  essence  of  the  development. 
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An  appropriate  choice  for  w seems  to  be 


5.3 


Aip  « k*TAEBE 
where  0'k<l . 

Substituting  this  choice  for  &v  into  Equation  5.7  yields 

* = Uo  (k  * TAEBC)  / r 

"'g  ♦(to) (J'8) 

as  an  expression  for  the  fader  time  constant  to  be  used  in  the  blend- 
down  submode. 


Capture  Trip  Point 


The  basic  requirement  for  capture  trip  point  is  that  it  be  such  that 
reasonable  banks  are  used  in  capture  and  reasonable  overshoots  occur 
under  all  conditions.  Generally  bank  command  is  restricted  to  less 
than  30°  in  magnitude  and  it  is  highly  desirable  to  keep  overshoots 
less  than  30. A(  .4t’)  of  localizer  deviation.  Other  factors  may  also 
enter.  For  example,  if  no  R-NAV  system  is  available,  clearly  the  trip 
point  must  be  within  the  beam  resulting  in  geometry  limits  for  certain 
close-in  capture:.  Pilots  often  have  very  definite  opinions  about  how 
the  bonk  should  behave  under  given  conditions.  It  should  also  be 
apparent  that  the  conditions  above  involve  the  form  of  the  capture 
bank  command  at  least  implicitly.  That  is,  the  capture  trip  point  is 
obviously  not  independent  of  the  bank  to  be  used  in  capture,  if  one 
assumes  a circular  capture  (i.e.  constant  bank),  it  is  interesting 
to  solve  Equation  5.1  for  CTD  to  illustrate  the  CTD  required  to  execute 
a circular  capture  as  a function  of  Vg,  TAE,  and  BNK.CMD 

CTD  * Vg?(l  - COS  (TAE)  ) (5.9) 

~g  tan  T8Nk.CMD) 


Equation  5.9  illustrates  the  generally  applicable  point  that  capture 
trip  point  expressed  in  CTD  terms  is  a function  of  ground  speed,  TAE, 
and  bank  command  to  be  used  in  the  capture.  Since  it  appeared 
feasible  to  specify  a desired  bank  during  capture,  the  approach  decided 
on  in  this  study  was  to  specify  the  capture  bank  (CAP.BNK)  and  then  use 
Equation  5.9  to  determine  the  trip  point,  specifically 


CTD  Trip  Point 


Vq2»(l  - COS  (TAE)) 
"g  ta'n  (tlP.BtfkT 


(5.10) 


Further,  it  was  felt  that  CAP.BNK  should  be  a function  of  TAE,  that 
is  at  high  angle  course  cuts  more  bank  should  be  used  than  for  lower 
angle  course  cuts.  Further,  to  prevent  very  small  bank  captures,  the 
restriction  was  added  that  j CAP . GNK ( ^5°  in  all  cases.  Summarizing 
this  relationship,  the  capture  bank  in  degrees  is  given  by 


CAP.BNK 


-MAX. CAP.BNK 

90b  * TAE... (if  magnitude  of  result  >5°) 


-5  * Sign  (TAE) ... (otherwise) 


(5.11) 


i 


mm , 


where  TAE  is  in  deqrees.  Before  choosing  flAX.CAP.BNK  it  is  important 
to  consider  the  fc'lowing  factors. 

Recall  from  the  earlier  discussion  of  the  "turn  long"  case  that  one 
must  leave  room  for  the  bank  to  increase  once  the  beam  is  encountered. 

The  question  is,  "How  much  increase  space  is  needed?"  Figure  5-2  provides 
some  insight. 

Figure  5-2,  based  on  equation  5.1,  shows  (assuming  a circular  capture) 
CAP.BNK  versus  CTD  with  TAE  as  a parameter  for  a ground  speed  of  200  fps. 
For  example,  if  a capture  is  begun  at  .5  nmi  and  TAE  is  90°,  then  22.3" 
of  bank  must  be  applied  instantaneously  and  held  through  the  turn. 
Consider,  however,  the  situation  when  CTD  from  RNAV  is  in  error  by 
.2  nmi  such  that  the  capture  in  reality  begins  at  .3  nmi  instead  of  .5 
The  required  instantaneous  bank  for  this  case  is  34.3°  to  execute  a no 
overshoot  capture.  Obviously,  with  a 30 1 bank  command  limit,  this 
cannot  be  achieved.  Further,  the  inclusion  of  rate  command  limits  and 
inherent  system  lags  will  make  this  situation  worse  (i-e.,  bank  cannot 
step  instantaneously  from  0°  to  CAP.BNK). 

Two  things  are  important  here.  Tirst,  the  trip  point  should  be  such 
that  .2  nmi  errors  do  not  cause  the  required  CAP.BNK  to  exceed  30". 
Secondly,  the  rate  command  limit  turns  cut  to  be  rather  significant  and 
the  trip  point  should  be  moved  to  account  for  its  effect.  This  is  most 
simply  done  by  noting  that  the  approximate  time  required  to  build  to 
CAP.BNK  is 

Time- to -CAP.BNK  = -C^|~ • 

where  RCL  is  the  bank  rate  command  limit.  Further  the  CTD  traversed  in 
this  interval  of  time  is  (neglecting  any  turning  in  this  interval) 

CAP . BNK 


CTD.  AD  J = -~~ 


* Vg  Sin (TAE) 


(5.12) 


Henco  the  trip  point  as  computed  from  Equation  (5.10)  should  be 
incremented  by  Equation  (5.12)  with  CAP.BNK  determined  from  Equation 
(5.11).  Figure  5-3  represents  Figure  5-2  corrected  by  equation  5.12 
to  account  for  the  time  to  build  to  the  required  capture  bank.  Given 
the  value-  of  CAP.BNK  and  TAE,  therefore,  the  CAPTURE  trip  point  may 
be  read  from  Figure  5-3  for  the  case  Vg  = 200  fps. 


The  only  item  as  yet  unresolved  is  MAX. CAP.BNK. , the  maximum  bank  to 
be  used  in  capture  which  as  shown  in  Equation  5.11  becomes  one  of  the 
significant  programming  parameters  on  CAP.BNK.  In  the  event  one  is 
doing  an  RNAV  aided  capture  and  the  "turn  long"  case  arises,  the 
required  "room  to  increase"  on  bank  once  the  beam  is  encountered  is 
a function  of  range.  To  see  this,  consider  captures  beginning  at  the 
same  CTD  and  course  cut  but  at  varying  range  (RNAV  data  is  used  until 
beam  intercept).  Intuitively,  the  further  out  one  is  in  range,  the 
more  beam  width  in  feet  if  available  after  beam  intercept  to  correct  the 
problem  or  conversely  less  time  is  spent  using  an  erroneous  command. 


For  example,  consider  90°  captures  at  5 nm  and  8 nm  respectively  at  a 
groundspeed  of  200  fps  and  using  -20°  of  bank  in  the  capture.  From 
Equation  9.2,  if  there  are  no  errors,  the  respective  track  angle  errors 
at  the  beam  edge  (TAEBE)  should  be 

TAEBE8nm  = 70-25° 

TAEBE5nm  = 54.11“ 

where  a 200  ^A  "beam  edge"  is  assumed.  Now  in  either  case  at  20°  of 
constant  bank  the  rate  of  turn  is  also  constant  and  has  tne  value 

• _ q tanj  *=  -3.35°/sec 

Now  if  the  trip  point  in  each  case  is  .2  nm  late,  the  capture  starts  Tp 
seconds  late  where  Tp  is  given  by 

_ ,2  nm 

tD  ~ 200  fps  = 6.076  sec. 

Therefore  in  each  case  m of  heading  change  would  be  lost  where 
Atp  = ip  *v  = 20.35° 

Hence  the  real  TAEBE  in  each  case  is  (adding  £<>  to  the  TAEBE  values 
above) 

TAE5E8nrn  = 90° 

TAEBE5nm  = 74’46° 

Further,  the  respective  cross  track  distances  at  the  beam  edge  (C1DBE) 
are 

CTDBE8nm  = -37  nm 
CTDBE5nm  = .23  nm 

Thus  the  required  bank  to  complete  the  capture  in  each  case  is  (from 
Equation  5.1) 

CAP-BNK8nm  =.-28-9° 

CAP.BNKbnm  = -33.1° 

Notice  that  for  the  capture  at  8 nm  with  .2  nm  of  error  in  CTO,  (28.9°-20.0°) 
8.9°  of  bank  increase  was  required  while  at  5 nm  (33.1°-20.0°)=13.1°  of 
bank  increase  was  required.  This  example  supports  the  contention  that 
MAX.CAP.BNK  should  decrease  as  range  decreases.  Further,  it  is  apparent 
and  desirable  that  R-NAV  aiding  be  used  only- when  necessary. 

If  the  trip  point  is  within  the  beam,  then  capture  will  not  begin  until 
beam  data  is  present.  If  MAX.BNK.CAP  is  made  sufficiently  large  at  longer 
ranges,  it  will  force  the  capture  to  be  within  the  beam  in  those  cases 
(see  Equation  5.10).  It  was  decided  to  make  MAX.CAP.BNK  = 25°  at  longer 
ranges  to  insure  localizer  based  captures  there  and  to  decrease  the  value 
at  shorter  ranges.  From  the  example  above,  at  5 nm  a bank  increase  of 
13.1°  was  required  in. the  "turn  long"  case  while  at  8 nm  a bank  increase 
of  8.9°  was  required.  Further,  it  can  be  shown  that  for  a 90°  intercept 
at  200  fps,  MAX.CAP.BNK  = 25°  implies  R-NAV  aided  captures  at  ranges 


shorten  than  13  nm  range;  hence  this  seems  a reasonable  point  to  start 
programming  MAX.CAP.BNK.  down.  Simulation  results  supported  the  5 nm 
conclusions  above  and  indicated  that  slightly  more  increase  was  required 
for  the  case  of  a 205-  ground  velocity  error  in  the  slow  direction.  For 
this  reason,  provision  of  about  15°  possible  increase  at  5 nm  seemed 
advisable.  The  resulting  range  program  for  MAX.CAP.BNK  is 


MAX.CAP.BNK  = 8.  + jy- * RNGLOC  (3.13) 

where  RNGLOC  is  range  to  localizer  in  nm  and  the  units  on  MAX.CAP.BNK 
are  degrees. 


Collecting  the  above  discussion,  the  trip  point  computation  is  performed 
as  follows 


CTO  Trip  Point  = 


Vq2(l -COSTAL ) 
g fanfCAP . BNkT 


CTO.AOJ 


(3.13a) 


where 


CTD.ADJ  - — 


CAP.BNK 


RCL 


Vg  sin(TAE) 


(3.13b) 


and 


and 


(-MAX.CAP.BNK  * TAE 
\ 90 * 


CAP.BNK 


if  magnitude  of  result  is  ^5° 


-5  * SIGN(TAE)  ...  otherwise 
MAX.CAP.BNK  = 8.  + y^  * RNGLOC  ^25° 


(3.13c) 

(3.13d) 


CTD  trip  point  os  a function  of  range  and  course  cut  is  shown  in  Figures 
5-4  for  a snecd  of  200  fps.  Superimposed  are  lines  for  200  nA  ( I LS  CAP 
"beam-edge")  localizer  deviation  and  "track  trip".  These  are  significant 
boundaries  for  they  delineate  NAVCAP,  ILSCAP,  and  track  regions  respectively.* 


An  alternate  presentation  of  trip  point  information  is  shown  in  Figure 
5-5.  Here,  for  constant  course  cuts  of  90  degrees,  CTU  trip  point  is 
plotted  versus  qround  speed  and  range. 

6.3.4  Track  Trip  Point 

The  transition  from  capture  to  track  normally  occurs  when 
LOCDEV  < 30  uA  for  RNGLOC  <.13  nm 

and  for 

LOCOEV  * RNGLOC  <.091  nm  for  RNGLOC  > 13  nm 


♦If  the  capture  trip  point  lies  within  the  "Track  Trip"  boundary,  capture  mode 
Is  deleted  and  the  system  transitions  directly  from  heading  mode  to 
track  mode. 
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Figure  5-5 
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The  transition  from  angular  to  linear  CTD  criterion  for  transition  to 
track  prevents  going  to  track  at  high  values  of  TAE  at  long  ranges 
where  30  \A  represents  significant  linear  deviation.  The  advantage 
here  lies  in  maintaining  capture  mode  and  hence  the  circular  nature  of 
the  capture  as  long  as  possible.  However,  in  the  event  of  severe  cross- 
winds  or  unusually  bad  initialization  the  possibility  of  turning  parallel 
to  the  beam  during  ILSCAP  exists.  To  provide  a final  safeguard  against 
turning  parallel  the  following  override  trip  to  track  feature  is  provided. 

Since  in  ILSCAP  the  system  is  still  performing  a circular  capture  a 
slight  derivative  of  equation  5.2  for  the  TAEBE  (track  angle  error  at  the 
beam  edge)  can  be  used  to  compute  TAETRK  (track  angle  error  at  track  trip 
point). 


TAE  TRK  = cos' 


q»tan(-BNKCMD)«CTOTRKl 


(5.14) 


where 


CTD  TRK 


r^0v,A  * ipyyypjy — nm,  RNGLOC  1 3 nm 


nm,  RNGLOC  >13  nm 


The  system  tests  for  (|TAE|  v.g  * TALTRK),  computing  TAt.TRk  via  Equation 
5.14;  and  if  this  condition  occurs  during  ILSCAP.  generates  an  override 
trip  into  the  TRK  mode.  The  flattening  of  the  TAE1RK  curves  at  long 
ranges  is  due  to  the  fixed  CTD  track  trip  point  at  ranges  greater  than 
13  nmi . The  flattening  at  short  ranges  is  due  to  a bottom  limit  of  7° 
imposed  on  the  computation  (actually  7,73°  on  TALTRK  so  that  .9+TAETRK  ^ 7°) 
to  ensure  that  this  final  test  never  drops  below  that  value.  That  is,  the 
system  is  constrained  under  all  circumstances  to  go  to  track  from  ILSCAP 
if  TAE  drops  less  than  7 degrees. 

Data  Filtering 

All  of  the  foregoing  discussion  has  neglected  noise. and  lags  on  sensor 
data.  In  order  for  the  conclusions  and  predictions  above  to  be  accurate, 
the  data  filtering,  particularly  on  localizer  data,  must  not  introduce 
excessive  lag.  The  often  used  system  of  about  one  second  lag  on  radio 
and  a complementary  filter  using  radio  and  bank  or  heading  to  derive 
beam  rate  introduces  lags  that  significantly  compromise  the  performance 
of  the  system  described  here  based  on  simulation  results.  For  this 
reason  a second  order  data  filter  for  radio  was  developed  which  employs 
a bank  input  to  provide  complementing  for  both  beam  rate  and  position. 

With  this  filter,  better  performance  in  captuie  resulted  and  bank  activity 
in  track  due  to  beam  noise  was  very  significantly  decreased^  This  filter 
is  described  in  detail  in  Reference  3 and  performance  is  documented  in 
Reference  4,  hence  it  will  not  be  discussed  further  here. 


5.3.6 


Mode  Transition 


As  implied  in  the  proceeding  discussion,  there  are  several  distinct  modes 
in  the  system  that  have  evolved  from  this  study.  It  is  assumed  that 
there  is  a heading  select  mode  which  is  controlling  the  aircraft  to  a 
fixed  heading  (or  course)  prior  to  initiation  of  capture.  Capture  may 
be  initiated  either  on  R-NAV  data  or  on  beam  data.  In  the  former  case, 
a blend-down  submode  may  occur,  and  eventual  transition  to  beam  based 
capture  must  occur.  Finally,  a track  mode  assumes  control  once  capture 
is  completed.  The  transitions  from  mode  to  mode  must  be  handled  smoothly 
with  no  switching  transients.  The  general  mode  switching  smoothing  technique 
is  shown  in  Figure  5-6.  The  fade  is  basically  a digitized  exponential 
fade  with  1 to  5 second  ti.ie  constants  being  typical. 

5.3.7  Final  System  Description 

Capture  Modes 

A block  diagram  of  the  total  R-NAV  aided  ILS  localizer  capture  and  track 
system  is  shown  in  Figure  5-7.  It  should  be  noted  that  there  are  basically 
two  potential  capture  modes.  Capture  computations  ore  based  on  R-NAV  data 
(NAVCAP)  or  based  on  ILS  data  (ILSCAP).  Further  there  is  a blend-down 
submode  (BLNDWN)  of  NAVCAP  which  is  provided  to  fade  the  bank  command 
down  in  the  "turn  short"  case.  If  R-NAV  aiding  is  needed,  the  NAVCAP 
mode  will  occur  first,  transitioning  to  ILSCAP  when  localizer  deviation 
becomes  less  than  200  pA.  If  during  NAVCAP  the  system-  turns  too  far 
[determined  by  continually  comparing  TAE  with  predicted  TAE  at  the  beam 
edge  (TAEBE)  during  NAVCAP],  the  BLNDWN  submode  is  automatically  selected 
and  fades  the  bank  command  according  to  the  fade  algorithm  discussed  in 
Section  3.3.2.  ILSCAP  can  occur  in  two  ways.  First,  if  NAVCAP  is  in 
progress  and  localizer  deviation  decreases  telow  200  pA,  then  ILSCAP  is 
selected  immediately.  The  other  case  occurs  when  the  capture  trip  point 
is  such  that  localizer  delation  at  that  point  will  be  less  than  200  ;A. 

In  this  case  no  R-NAV  aiding  is  needed  and  the  ILSCAP  mode  is  selected 
Immediately.  In  terms  of  logic  equations,  the  capture  conditions  may 
be  expressed  as 

NAVCAP  = C(L0C  DEV  >200pA)  • (CTDNAV  <CAPTRP)]- (RNGL0C  <ILSL0K)  (5,15) 

ILSCAP  = [ ( L0CDEV  j<200;A)  ♦ (NAVCAP  + (CTDILS  -CAPTRIP))]- (DEVFLG)  (5.16) 

BLNDWN  = NAVCAP:  (|TAE|  <JTAEBE |“)  (5.17) 

where  ILSL0K  and  DEVrLG  are  added  protections  against  R-NAV  trip  at  ex- 
cessive range  due  to  CTDNAV  errors  and  false  ILSCAP  trips  due  to  de- 
creasing L0CDEV  at  wide  angle*  respectively. 

False  Trip  Guards  and  Deviation  Rate  Limit 

Both  of  these  protections  are  shown  in  Figure  5-8.  DEVFLG  basically  in- 
hibits localizer  computations  at  greater  than  a nominal  deviation  of  7° 
from  the  beam  centerline.  Seven  degrees  was  chosen  so  that  even  with 
R-NAV  errors  the  computed  value  will  lie  reliably  between  4°  and  10°. 


♦Localizer  signal  strength  in  a +10  degree  sector  should  be  adequate  to  saturate 
the  receiver  but  may  drop  off  af  wider  angles. 
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Figure  5-6.  Smoothing  Technique  For  Mode  Switching  (Digital  System) 
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1LSL0K  basically  inhibits  NAVCAP  if  RNGLOC  and  TAE  and  VG  data  indicate 
that  a non-R-HAV  aided  capture  can  be  made.  The  only  protection  really 
is  against  early  capture  due  to  R-NAV  CTO  errors  in  regions  where  RNAV 
aiding  is  not  needed.  The  equation  for  ILSLOK  was  generated  by  tabulating 
the  ranges  at  which  various  TAE  capture  trip  points  intercept  the  beam 
edge  (200  iA)  at  200,  250,  and  300  fps  and  then 

curve  fitting  to  this  data.  It  should  be  noted  that  if  LOCDEV  -.200^1, 
then  CAPTRP  is  based  or.  R-NAV  data,  but  if  LOCDEV  <_  200..A,  it  is  based 
on  beam  data.  This  feature  is  necessary  to  prevent  R-NAV  errors  from 
corrupting  the  trip  point  of  an  ILS  data  only  capture.  To  protect  against 
decreasing  LOCDEV  at  wide  angles,  DEVFLG,  as  discussed  above,  is  used  ana 
to  prevent  false  trips  due  to  momentary  interference  as  well  as  to  guard 
against  sudden  transients  a rate  limit  on  LOCDEV  is  incluJed.  This  rate 
limit  is  programmed  with  TAE  and  speed  but  lower  limited  at  9^A/sec  under 
all  conditions.  Figure  5-9  shows  the  programming  on  the  rate  limit  which 
is  basically  determined  by  dividing  the  cross  track  rate  of  the  aircraft 
by  range  and  then  increasing  this  value  by  30rJ  to  provide  a conservative 
estimate  of  deviation  rate. 


Fade  From  NAVCAP  to  ILSCAP 

Notice  that  during  NAVCAP  a fader  circuit  like  the  one  of  Figure  5-6  is 
prepared  to  fade  from  NAVCAP  to  ILSCAP  when  the  need  arises.  Similarly 
during  ILSCAP  a companion  fader  stands  ready  to  blend  to  the  track  mode. 
The  bank  command  in  either  NAVCAP  or  ILSCAP  is  the  proper  one  to  generate 
a circular  capture  and  both  are  essentially  the  same  as  Equation  5.1 
although  the  form  used  in  ILSCAP  is  modified  to  more  appropriately  use 
beam  based  data.  This  form  is  easily  uerived  from  Equation  5.1  which  is 
repeated  below 

BNK.CMD  = -tan 


Vq2*(l  - C0S(TAE))N' 
g*CYU  ~ j 


(5.113) 


Multiplying  numerator  and  denominator  of  the 
(1  + COS  TAE)  and  substituting  SIN' (TAE)  for 
yields 


BNK.CMD  = -tan-1 


(Vq*Sin(TAt))2 

gVcToTT  + cosTTaeTT 


arctaq  argument  by 
l-COS^TAE)  in  the  numerator 


But 

Vg*SlN(TAE)  = Cross  Track  Rate  (CTR) 


Hence 

BNK.CMD  = -tan 


(CTR)2 

g^TcW*  f r + cosTTaeTT 


(5.19) 


Equation  (5.19)  uses  CTR  as  well  as  CTD  explicitly  and  can  thus  make 
effective  use  of  the  beam  data  filter  output.  Groundspeed  estimate 
errors  will  not  influence  Equation  (5.10)  directly  and  TAE  errors  will 
not  have  a large  effect,  particularly  as  the  system  approaches  transition 
to  track  since  as  TAE  - 0,  COS (TAC ) - 1 . and  (1  + COS (TAE ) ) - 2.  Thus,  this 
term  does  not  have  the  effect  that  it  does  in  Equation  (5.1G),  where 


(l-COS(TAE)) -0  as  TAE -0.  The  form  of  Equation  5.19  is  no  better  than 
that  of  5.18  in  NAVCAP,  however,  since  in  NAVCAP,  CTR  = -Vg*Sin  (TAE) 
which  simply  would  bring  back  TAE  in  a different  form. 

Track  Mode 

The  track  mode  is  a conventional  proportional  combination  of  position  and 
rate  relative  to  the  beam  center  to  form  bank  command.  The  trip  point 
for  going  to  track  mode  was  discussed  in  Section  5.3.4.  Track  gains  are 
given  in  Table  5-2  in  several  different  forms  for  ease  of  correlation  with 
other  work.  A stability  analysis  of  the  track  mode  appears  in  Section  5.4. 
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Table  5-2.  Rate  & Position  Gains  for  Track  Mode 


Notice  that  the  output  of  the  data  processing  filter  is  position  and  i 

position  rate  to  provide  the  requisite  data  to  the  capture  computations. 

This  is  also  the  appropriate  form  for  the  track  mode  at  close  ranges. 

However,  at  longer  ranges  the  effects  of  beam  noise,  particularly  ex- 
cessive bank  activity,  require  that  gains  be  softened,  usually  such  ; 

that  the  track  law  becomes  angularly  based  rather  than  position  based. 

The  RNGPGM  block  of  figure  5-7  may  be  seen  to  provide  this  feature  since  ■ i 

at  ranges  beyond  7 nm  (neglecting  the  filter  for  the  moment  since  its 
parameters  are  not  range  dependent), 

7 

CTDTRK  = * RNGL0C  * LOCDEV 

CTDTRK  = 7 * LOCDEV  (5.20) 

Equation  5.20  shows  that  CTDTRK  beyond  7 nm  is  really  in  angular  units 
with  the  7 being  the  required  factor  for  blending  properly  with  the 
linearized  portion.  Alternately,  the  combination  of  RNGPGM  programming 
downstream  of  the  filter  and  RNGLOC  programming  of  LOCDEV  upstream  oT  the 
filter  provides  linearization  of  LOCDEV  out  to  7 nm  and  a constant  gain 
beycnd  that  range.  The  rate  is  treated  similarly  to  take  care  of  the  radio 
contribution  to  rate.  There  is  no  real  necessity  to  program  the  bank 


A 
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contribution  to  rate  and  in  fact  stability  would  be  aided  by  not  doing 
so.  However,  in  order  to  maintain  system  simplicity,  no  separate  pro- 
vision was  made  for  bank  contributed  rate. 

Data  Processing 

The  data  processing  portion  of  the  block  diagram  consists  primarily  of 
a double  complementing  filter  (DCF)  as  described  in  Reference  3. 

Since  in  this  application  roll  or  bank  is  used  for  generating  accelera- 
tion, it  is  termed  the  roll  radio  double  complementing  filter  (RRDCF). 

The  proportional  combination  of  RRDCF  rate  and  R-NAV  based  rate  using  the 
function  KYDBLN  provides  slightly  improved  rate  for  capture.  The  basic 
idea  here  is  that  although  bank  provides  information  about  acceleration 
orthogonal  to  the  aircraft  fuselage  reference  line,  the  RRDCF  filter 
requires  acceleration  relative  to  the  beam  centerline.  Hence  bank  is 
processed  as 

y =-g  tan  (4 ) cos  (TAE) 

9 

At  high  course  cuts,  therefore,  bank  dees  not  provide  very  good  infor- 
mation about  acceleration  relative  to  the  beam.  The  necessity  of  com- 
plementing RRDCF  f’lter  rate  against  R-NAV  rate  in  capture  is  not  firmly 
established.  R-NAV  rate  is  used  to  initialize  RRDCF  and  low  frequency 
updates  by  radio  rat?  might  then  provide  sufficiently  good  rate.  The 
function  used  for  KYDBLN  is  cos(TAE)  so  that  as  the  system  turns  onto 
the  final  course,  the  influence  of  R-NAV  rate  is  removed.  A washout  on 
bank  is  used  during  track  to  prevent  beam  tracking  standoff  due  to  bank 
bias. 


Output  Command  Processing 

The  final  aspect  of  the  system  block  diagram  is  the  output  command  pro- 
cessing shown  at  the  right  side  of  Figure  5-7a.  Basically  a 5 degree  per 
second  rate  command  limit  and  a 30  degree  command  limit  are  imposed.  The 
lead-lag  compensation  is  necessary  for  the  specific  Gulfstream  I auto- 
pilot interface  provided  for  in  this  application.  The  system  interface 
to  the  Sperry  SF40  autopilot  interposes  a 2 second  lag  between  the  avail- 
able heading  error  port  und  the  bank  comaand  summing  point.  Figure  Ub 
shows  the  equivalent  block  diagram  of  the  SP40  autopilot.  It  should  be 
noted  that  this  is  a somewhat  sluggish  autopilot  having  particularly 
large  servo  lags.  This  factor  necessitates  running  somewhat  lower  outer 
loop  gains  than  one  might  prefer  in  approach. 

3.8  Software  Organization 

The  basic  software  organization  required  to  implement  the  system  described 
above  is  shown  in  Figure  5-10.  The  localizer  capture  a 'd  track  computation 
are  a submode  to  the  ILS  main  program  which  interfaces  with  the  "-UM  main 
software.  The  chosen  approach  is  to  process  the  data  in  one  software 
block,  determine  the  proper  mode  in  another,  and  then  perform  control 
computations  based  on  the  determined  mode.  Finally,  the  output  control 
processing  does  the  rate  and  amplitude  command  limiting  and  the  lead-lag 
compensation  as  shown  in  Figure  5-7a.  A more  detailed  block  diagram  is 
provided  in  Figure  5-11.  The  program  listing  is  given  in  Appendix  F. 


5.4 


Stability  Analysis  of  the  30/40  Lateral  ILS  Localizer  Track  Laws 

Figure  5-12  shows  a block  diagram  of  the  track  control  laws  from  sensor 
inputs  to  bank  command  while  Figure  5-13  shows  the  block  diagram  for  autopilot 
and  aircraft.  (Note  the  rather  sluggish  aileron  servo.)  From  Reference  3 
the  pole-zero  parameter  A in  the  RRDCF  filter  (see  Figure  5-12)  was  set  at  2 
with  the  bandwidth  parameter  K fading  from  3.036  (the  capture  value)  to  10 
once  track  was  well  established.  Stability  and  PSD  data  was  therefore  computed 
for  both  extreme  values  of  K recognizing  that  the  results  for  K=3.036  will  be 
applicable  early  in  track  while  those  for  K=10.0  apply  for  well  established 
track.  Loops  were  broken  at  radio  and  at  bank  command.  The  loop  at  radio 
plots  must  be  interpreted  carefully  particularly  for  K=10,  because  the  comple- 
menting effect  of  the  bank  feed  through  to  position  (see  Reference  3)  permits 
somewhat  lower  than  conventional  bandwidths  in  the  radio  loop. 

The  system  was  linearized  (RNGPGM)  only  to  7 nm  from  the  localizer  antenna 
since  linearizing  further  produced  excessive  bank  activity. 


At  long  ranges,  therefore,  the  bandwidth  of  the  system  both  at  radio  and 
bank  command  decreases  considerably  (-20  log  ( 7nm  ) = -1 1 .06  db).  Stability 

was  checked  carefully, therefore, at  the  assumed^Slreme  range  of  25  nm.  Figures 
5-14  to  5-17  show  gain/phase  plots  for  loops  broken  at  radio  and  bank 
command  for  K-3.036  and  K= 1 0 respectively, all  at  25  nm.  Note  on  Figures5.14 
and  5-15  the  phase  dip  below  180°  at  low  frequency.  This  dip  is  due  to  the 
bank  washout  shown  in  Figure  5-12,  The  magnitude  of  the  dip  is  greater  for 
shorter  than  for  longer  washout  time  constants.  For  this  reason  a 60  second 
washout  is  used  at  25  nm  programmed  down  to  30  seconds  at  50  nm.  The  long 
washout  at  near  range  is  undesirable  due  to  the  long  charging  time  required 
to  remove  bank  biases  which  are  more  troublesome  at  near  than  at  far  ranges. 
Bank  biases,  if  not  washed  out,  result  in  both  position  and  rate  biases  out 
of  RRDCF  (sec  Reference  3).  Table  5-3  tabulates  the  stability  margin  and 
crossover  data  from  Figures  5-14  through  5-17.  Also  shown  in  Table  5-3  is  the 
analogous  data  for  5 nm  range. 
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Table  5-3.  Stability  Margins 


Figure  5-12.  3D.4D  Track  Laws 
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Section  6 

LONGITUDINAL  ILS  CONTROL 
LAW  DESIGN  AND  ANALYSIS 


INTRODUCTION 

The  glideslope  portion  of  the  ILS  approach  control  laws  are  presented  by 
this  report.  The  control  laws  provide  for  a smooth,  transientless  capture 
of  the  glideslope  beam.  The  control  laws  will  automatically  adapt  for 
varying  airspeed,  wind  and  beam  angles.  In  addition,  both  above  and 
below  the  beam  intercepts  can  be  accommodated. 

The  control  laws  developed  rely  upon  derived  vertical  rate  to  enhance 
the  adaptive  capture  capabilities  and  to  supplement  basic  autopilot  and 
flight  director  path  dampening  and  gust  alleviation.  The  autopilot  and 
flight  director  both  accept  pitch  commands  from  the  glideslope  control 
laws  in  the  3D/4D  processor  to  an  altitude  hold  port.  Once  attitude  is 
closed  in  a glideslope  control  loop,  it  has  been  found  that  vertical  rate 
is  of  some  benefit  for  gust  alleviation,  but  it  cannot  be  used  to  its 
fullest  advantage.  The  control  laws,  therefore,  have  some  advantages  over 
conventional  pitch  implemented  controls  while  exhibiting  similar  tracking 
performance. 

A description  of  the  glideslope  comoutations , stability  and  performance 
analyses  are  contained  herein.  The  glideslope  control  lews  digital  program 
listing  is  contained  in  Appendix_fi.__  _ 


GLIDESLOPE  OPERATION  AND  DESCRIPTION 

Glideslope  control  laws  are  provided  for  vertical  navigation  of  an  R.NAV/ 

ILS  approach  capability.  An  adaptive  capture  capability  has  been  desioned 
into  the  glideslope  control  laws.  The  control  laws  are  illustrated  in 
Figure  6-1. 

Glideslope  operation  is  performed  with  the  3D/4D  system  just  as  is  done  with 
any  conventional  flight  guidance  computer.  Basically  glideslope  capture 
is  initiated  from  a flight  path  which  has  been  set  up  to  intercept  the 
glideslope  beam.  Most  often  the  glideslope  is  intercepted  from  a zero 
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flight  path  angle  or  altitude  hold  maneuver.  Unlike  some  glideslope  operations 
the  control  laws  in  the  3D/4D  system  will  also  allow  th»  «Mr  to  capture  from 
above. 

Operational ly,  glideslope  capture  and  tracking  can  be  accomplished  in 
the  approach  auto  mode  (APPR  AUTO)  of  the  1LS  portion  of  the  3D/4D 
system.  Once  an  intercept  has  been  established  so  that  the  aircraft  will 
intercept  the  glideslope  bean,  capture  is  completely  automatic.  The 
system  compares  beam  and  vertical  rates  with  beam  deviation  and  polc-ity  to 
establish  a capture  trip  point.  Figure  6-1  also  includes  the  capture  logic 
which  dictates  when  capture  occurs.  When  pitch  command  is  sensed  to  go  thro-jr 
zero  in  the  correct  direction  as  determined  by  comparing  its  polarity  with  ih.it 
of  beam  deviation,  capture  is  initiated. 


Since  the  capture  is  a function  of  both  beam  closure  rate  and  vertica1 
rate,  capture  is  a function  of  ground  speed  and  fliaht  path  angle.  Ground 
speed  in  turn  makes  the  capture  a function  of  aircraft  speed  and  wind.  If 
a capture  is  initiated  from  altitude  hold,  the  capture  trip  point  will  vary 
as  a function  of  how  fast  the  glideslope  beam  is  approached.  The  trip 
point  will  move  further  from  the  glideslope  beam  center  as  the  cl  sure  rate 
increases  no  matter  what  reason.  Similarly,  if  the  aircraft  has  a vertical 
rate  established,  capture  will  be  adjusted  to  compensate  for  the  "ertical  rate. 
As  an  example,  when  capturing  from  above,  capture  will  be  initiated  further 
from  the  glideslope  for  a greater  vertical  rate  or  flight  path  intercept.  Gf 
course,  beam  rate  alone  can  also  sense  this  higher  closure  rate,  but  the  addi- 
tion of  vertical  rate  has  proved  to  be  more  accurate  in  adjusting  the  trio  poin 
especially  in  above  the  beam  captures. 

Once  capture  has  been  initiated,  the  beam  rate  is  held  by  a track/store 
operation.  Also  notice  that  at  the  instant  of  capture  a fader  or  washout 
is  initiated  on  both  stored  beam  rate  and  vertical  rate  The  action  is  such 
that  at  the  instant  of  capture,  pitch  command  is  zero,  and  the  aircraft  pro- 
ceeds toward  the  glideslope  beam.  Deviation  therefore  decreases  while  the  rate 
signals  (which  are  being  slowly  faded  out)  provide  a nose  up  or  nose  c.-wn  pitch 
command,  whichever  is  appropriate  to  transition  the  aircraft  to  the  glideslope 
path.  The  fader  washes  out  all  of  the  beam  rate  and  initial  vertical  rat'  as 
the  aircraft  acquires  the  beam  centerline.  In  this  manner  the  control  laws 
smoothly  and  transientlessly  transition  the  aircraft  from  i*‘  intercept  flight 
path  to  the  beam  center. 


After  capture,  tracking  is  provided  by  glideslope  deviation  and  washed  out 
vertical  rate.  The  capture  bias  provided  by  the  stored  beam  rate  is 
completely  removed.  Vertical  rate  is  washed  out  to  prevent  the  vertical 
rate  or  descent  rate  from  causing  a deviation  standoff  in  the  control  laws. 

The  control  laws  developed  for  the  3D/4D  use  vertical  rat°  to  good  advantaoe 
as  was  explained  in  the  introduction.  It  should  also  oe  poirfcd  out  that 
for  autopilot  operation,  vertical  rate  is  required  to  dampen  the  deviation 
path.  Pitch  attitude  used  for  deviation  path  dampening  in  the  autopilot 
is  washed  out  (by  the  5 sec  forward  integration)  faster  than  can 
normally  be  done  to  provide  stability  with  stiff  glideslope  tracking. 


A breakdown  of  the  glideslope  operation  and  details  is  given 
below: 

6.2.1  Overview  of  Glideslope  Operation 

The  glideslope  computation  may  be  entered  via  a transition  from  the  LOC  or 
the  RNAV  mode.  The  RNAV  computation  will  request  the  1LS  main  program 
to  perform  this  transition.  If  all  system  validities  are  acceptable, 
the  ILS  main  program  will  activate  the  localizer  and  glideslope  compu- 
tations. Each  time  a transition  is  requested. the  ILS  main  program  will 

initialize  the  qlideslope  computation  bv  settinq  the  logical 
variable  RESETG  true  for  one  program  cycle. 

; 

As  long  as  the  localizer  computation  is  in  the  LOCARfi  condition,  the 
RNAV  steering  commands  are  used  to  control  both  the  lateral  and  longi- 
tudinal axes.  The  transition  to  LOCCAP  terminates  RNAV  control  of  the 
lateral  steering  commands  only.  ILS  control  of  longitudinal  steering 
command  will  occur  when  the  glideslope  capture  mode  is  entered  (GSCAP) 
subsequent  to  LOCCAP.  However,  deactivation  of  the  ILS  computation, 
after  LOCCAP,  can  only  be  achieved  by  disengaging  the  autopilot  and 
reselecting  the  RNAV  mode.  Re-entry  of  the  ILS  computation  is  possible 
and  will  be  treated  as  an  initial  request  by  the  ILS  main  program. 

6.2.2  Glideslope  Arm  (GSARM)  Logic 

The  glideslope  control  law  will  be  set  to  the  GSARM  mode  whenever  the 
logic  signal  RESETG  from  the  ILS  main  program  is  true.  The  computation 
will  remain  in  this  mode  as  long  as  the  localizer  computation  is  in  the 
arm  condition  (LOCARM).  While  in  this  mode,  the  computation  will  esti- 
mate the  distance  to  and  the  approach  rate  of  the  glideslope  beam, 
following  LOCCAP  that  information  will  be  used  to  select  an  appropriate 
1 point  to  transition  into  the  capture  mode  (GSCAP).  The  transition  will 
occur  at  the  first  opportunity  following  the  termination  of  LOCARM  and 
prior  to  the  intercept  of  the  glideslope. 

'-2.3  Glideslope  Arm  Computation 

While  in  the  arm  mode,  external  steering  commands  are  passed  directly 
through  the  computation  without  modification.  The  radio  deviation  is 
passed  through  a gain  programmer  to  estimate  lira:r  distance  to  the 
glideslope.  A rate  deriver  estimates  the  approach  rate  of  the  glide- 
slope  and  these  two  signals  are  combined  with  derived  barometric  alti- 
tude rate  to  generate  a pitch  command.  That  command  signal  is  routed 
to  the  capture  logic  rather  than  the  steering  command. 

6.2.4  Glideslope  Capture  Logic 

Assuming  the  localizer  computation  is  not  in  the  arm  mode  and  the  air- 
craft is  on  a course  which  will  at  some  future  time  intersect  the  glide 
slope,  radio  deviation  will  establish  the  major  portion  of  the  pitch 
command  and  the  rate  signal  will  contribute  a portion  in  opposition  to 
the  radio  signal.  As  the  glideslope  is  approached  the  closure  rate  will  cancel 
and  then  exceed  the  radio  signal.  When  this  occurs  the  pitch  command  will  ini- 
tially be  zero  and  then  of  a polarity  which  directs  a flight  path  away  from  the 
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glideslope  beam.  The  capture  detector  monitors  the  localizer  computa- 
tion status,  the  polarity  of  radio  deviation  and  that  of  the  pitch 
command.  When  the  condition  described  above  exists, the  glideslope  com- 
putation is  switched  to  the  capture  mode.  Once  this  mode  is  enabled 
the  computations  are  latched  in  that  mode.  The  GSARM  mode  can  only 
be  reinitiated  by  the  RESETG  command  generated  in  the  ILS  main  program. 
While  in  the  GSCAP  mode  tl.  VOR/DME/baro  altitude  based  RNAV  steering 
command  will  be  overwritten  by  the  computed  pitch  command. 


Derived  barometric  rate  is  used  in  the  capture  logic  to  sense  glide- 
slope  intercepts  from  other  than  a zero  flight  path.  This  enables 
captures  to  be  made  from  all  practical  intercept  angles,  including 
above  the  beam  captures. 


6.2.5  Glideslope  Capture  and  Track  Comoutations 
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Figure C-l  also  identi fies  the  capture  computations.  There  are  two 
major  functions  performed  by  this  control  law:  (1)  qenerate  a pitch 
conmand  which  will  provide  good  capture  and  tracking  of  the  glideslope 
beam  and  (2)  smoothly  transition  from  external  (RNAV)  control  of  the 
steering  command.  The  first  task  is  accomplished  by  mixing  radio 
deviation  with  barometric  altitude  rate  to  obtain  a pitch  command. 

The  radio  deviation  is  gain  programmed,  and  altitude  rate  is  washed 
out  to  remove  its  steady  state  value.  Derived  radio  rate  is  held  to 
the  value  it  has  when  the  capture  mode  is  enabled,  and  since  this 
signal  enters  pitch  command  via  the  same  path  as  altitude  rate,  it 
will  be  smoothly  removed  by  the  same  washout  used  to  eliminate  the 
steady  state  value  of  altitude  rate.  Notice  that  the  washout  is 
util  ized  only  after  capture.  The  value  of  the  external  steering 
conmand,  at  the  tire  of  transition  to  GSCAP,  is  added  to  the  computed 
pitch  command  via  a washout.-  Si_nce_ jn tch  command  is  effectively  zero 
at  that  time,  overwriting  the  steering  command  will  not  cause  an  un- 
acceptable transient  wh i ie  the  previously  coupled  command  is  faded 
out.  ’ ~ ' 


6.3.  Control  Law  Analysis 


Control  law  analysis  was  performed  on  the  system  shown  in  Figure  6-1. 
Included  in  the  figure  is  a model  of  the  autopilot.  The  autopilot 
model  was  derived  from  time  response  data  taken  on  the  NAFEC 
Gulfstream  1 aircraft.  The  gains  and  time  constants 
wore  selected  to  match  the  following  data  parameters  for  a step  command: 


a) 

b) 

c) 

d) 

e) 


.4?  sec. 
.9?  sec. 


Time  to  peak: 

Settling  time: 

Overshoot:  30v 

Torward  Gain:  4 deg  Se/dog  0 

Integration  Rate:  1.5°  ce/sec. 
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The  only  modification  was  a 4:1  reduction  in  forward  gain.  The 
probable  cause  of  this  change  is  an  invalid  elevator  sensitivity  in 
the  aerodynamic  data  available  at  Collins. 

Figure  G-2  illustrates  the  manual  throttle  control  loop.  The  model  has 
shown  good  correlation  with  manual  pilot  performance. 

6.3.1  Radio  Gain  Programner 

The  gain  proaranmer  converts  radio  deviation  (214  pa/deg)  to 

linear  feet  of  cross  track  distance  (.496  ft/ua-nm)  out  to  5.58  nm 

from  the  end  of  the  runway.  Beyond  this  point  cross  track  distance 

is  fixed  at  2.8  ft/>ua.  To  extend  the  range  of  the  programmer  beyond 

this  point  would  invariably  result  in  unacceptable  performance  due 

to  beam  noise.  Assuming  a shallow  2.5  degree  gl ides  lope,  the  programmer  will 

be  effective  to  an  altitude  of  1,480  ft.  Consequently,  normal 

captures  will  be  performed  within  the  linear  range  of  the  programmer. 

The  programmer  is  a function  of  distance  to  touchdown  rather  than 
altitude. 


6.3.2  Capture  Detection 

Although  it  is  certainly  possible  to  initiate  a capture  outside  the 

linear  range  of  the  gain  programmer,  the  effect  of  the  non-linearity  on 

the  capture  detector  is  marginal  and  the  following  discussion  will 

therefore  be  presented  assuming  linear  prooramer  range.  Refcrrina  to 

figure  6-1,  an  internal  pitch  command  is  formed  when  the  glide-  : 

slope  computation  is  in  the  arm  condition  (GSARM),  The  value  of 

that  signal  will  be 

0 * Kh  ^KAh  ^ + ^ + KhAh  Eq’  6-1 

where 

9 = degrees  of  pi tch  command  (+  directs  a pitch 
down  attitude) 

Afi  = approach  rate  of  the  glidcslope  beam  (ft/sec) 

h ® ascent  rate  (ft/sec) 

Ah  = cross  track  distance  (ft),  positive  above  the 
glideslope 

Any  flight  path  intersecting  or  almost  paralleling  the  glideslope 
will  result  in  the  rate  terms  having  a polarity  opposite  to  that  of  Ah. 

When  the  rate  term  equals  or  exceeds  the  position  term,  the  glide- 
slope  capture  mode  will  be  enabled  (GSCAP).  Two  conditions  exist 
which  will  result  in  a missed  capture:  (1)  transversal  of  the 
capture  window  while  LOCARM  is  active,  and  (2)  a flight,  path 
paralleling  the  glidcslope  which  never  established  sufficient 
proximity  and/or  closure  rate  to  intersect  the  capture  window. 

I 
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The  glideslope  capture  window  may  be  more  clearly  defined  by  ex- 
pressing the  .rote  terms  as  functions  of  flight  path  angle: 

ft  = UQsin  (a) 

Ah  = U0sin  (a-ag) 

where 

U0  «=  true  airspeed 

a = flight  path  angle  measured  as  positive  counterclockwise 
from  horizontal 

ag  = glideslope  angle  (nominally  -2.5  deg.) 

Substituting  those  expressions  into  equation  6-1  and  setting  0=0  yields 
the  crosstrack  distance  at  capture  as  a function  of  flight  path  angle: 

Kh 

Ahc  = - UQ  [K^h  sin  (a-ag)  + sin  a]  Eq.  G-2 

where 

= .15  deg/ (ft/sec) 

= .05  deg/ft 

K^=  2.22  (ft/sec)/(ft/s ec) 

U0  = 200  ft/sec 
ag  = -2.5  deg. 
then 

Ah  = -{33.8a  + 58.2)  Eq.  6-3 

Equation  6-3assumes  the  flight  path  angle  relative  to  both  the  glide- 
slope  and  the  horizontal  reference  line  is  small  enough  to  allow 
the  substitution  of  sin(x)=x.  The  mode  logic  tests  the  polarity 
of  equation  6-1  against  that  of  Ah,  i.e.  if  (son  x)  / (sgnAh)  then  capture 
is  initiated.  Therefore,  the  capture  window  is  defined  as: 

0>Ah>  - UQ  [K^  sin  (a-ag)+  sin  a] 

Kh 

0<Ah<  " U0  [K^  sin  (a-ag)  ♦ sin  a] 
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Figure  G-3 graphically  presents  the  glideslope  capture  window  obtained 
via  ?quation6-2.  Capture  will  occur  when  (1)  the  aircraft  is  below 
the  beam  and  the  flight  path  angle  is  on  or  above  the  line  described 
by  equation  f-2,  or  (2)  the  aircraft  is  above  the  beam  and  the  flight 
path  angle  is  below  the  line  described  by  equation  6-2. 

Five  capture  boundary  lines  are  shown  to  illustrate  the  effect  of 
longitudinal  wind  and  varying  glideslope  angles. 

Clearly,  an  RNAV  approach  paralleling  the  glideslope  must,  at  some 
point,  close  to  within  58  feet  of  the  glideslope.  Since  RNAV 
errors  of  150  feet  are  not  out  of  the  question,  there  is  a possibility 
of  missing  the  glideslope  if  capture  is  attempted  with  R-NAV  assist. 

However,  random  variations  in  the  beam  as  well  as  the  aircraft 
position  will  normally  result  in  a capture.  A mere  probable  cause  of 
missed  capture  would  be  a close-in  approach  which  resulted  in  a 
flight  path  angle  in  the  -1.0  to  -.2  degree  range.  Here,  the  capture 
window  can  become  quite  small.  Similar  arguments  apply  to  captures 
from  below  the  beam.  Although  it  would  be  possible  to  modify  the 
capture  laws  to  encompass  parallel  RNAV  approach  configurations 
additional  development  will  be  required. 

Since  the  capture  window  is  actually  determined  by  measured  position 
and  rate  information,  the  canture  point  will  be  moved  to  compensate 
for  along  track  and  cross  track  wind  conditions  as  well  as  variations 
in  glideslope  angle.  Simulation  data  included  in  this  report  demon- 
strate the  use  of  capture  point  movement  to  maintain  a relatively 

smooth  performance  during  the  capture  maneuver.  Estimates  of  dis-  t 

tance  to  and  closure  rate  of  the  beam  in  equation  0-3  compensate  for 
envi ronmental  variations  but  cannot  distinguish  between  ascending, 
descending,  or  constant  altitude  capture  conditions.  The  altitude 

rate  term  does  provide  this  information  and  is  used  to  extend  the  ; 

capture  point  thereby  suppressing  excessive  vertical  rates.  Exa- 
mination of  simulated  captures  from  above  the  beam  shows  the  complete  1 

absence  of  overshoot  under  these  conditions.  i 

Table  6-1  suninarizes  data  fer  simulated  approaches.  The  intercept  r 

point  is  defined  as  the  beam  altitude  at  the  intersection  of  the  > ; 

glideslope  and  the  flight  path  prior  to  capture.  The  approaches  " I 

were  simulated  to  evaluate  system  performance  capturing  and  tracking  ' | 

the  glideslope. 
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Table  6-1.  Simulated  Capture  Data 


Intercept 
Point  (ft) 

Flight  Path 
Angle  (deq) 

Capture 
Point  (ft) 

Predicted 
Value  (ft) 

Overshoot 

(ft) 

Settling 
Time  (sec) 

Strip 

Chart 

1000 

0 

-50 

-58.2 

•— 

8 

1A 

1000  (From 
above) 

-5 

+125 

+132 

— 

45 

IB 

1300 

0 

-50 

-58.2 

— 

10 

1C 

1300  (From 
above) 

-5 

+125 

+132 

— 

45 

10 

>500 

0 

-54 

>-  58.2 

6 

20 

IE 

1800 

0 

-58 

>-  58.2 

12 

28 

2C 

1800  (From 
above) 

-5 

+90 

<132 

— 

55 

2D 

As  would  be  expected  the  data  confirms  anticipated  results.  Along 
with  the  previously  mentioned  adaptive  behavior,  the  gain  programmer 
is  seen  to  reduce  the  capture  window  as  distance  to  touchdown  in- 
creases. This  is  the  only  non-linear  effect  in  the  capture  maneuver. 

Analog  computer  simulation  results  are  somewhat  different  than  the  pre- 
dicted values  due  to  a dead  zone  in  the  analog  capture  logic.  The 
predicted  values  were  attained  when  simulations  were  performed  using 
the  digital  version  of  the  control  laws. 


6.3.3  Stability  Margin  Analysis 

To  analyze  the  stability  of  the  glideslope  control  laws  of  Figure  G-l 
frequency  response  or  Bode  plots  were  obtained.  Reference  to  Auto- 
throttles in  this  discussion  is  to  Figure  6-2.  Figure  6-4  is  an  open 
loop  bode  plot  of  the  radio  or  deviation  loop.  This  plot  indicates 
the  stability  of  the  aircraft  when  tracking  the  glideslope  beam. 
Autothrottles  were  also  used  for  Figure  6-4.  The  aircraft  used  to  obtain 
this  plot  was  the  Gulfstream  1 approach  flight  condition  (200  ft/sec 
airspeed).  From  Figure  G-4itcanhe  seen  that  the  bandwidth  is  suffi- 
cient to  achieve  good  Category  II  tracking  performance.  The  stability 
margins  as  summarized  in  Table  6-2  indicate  good  stability  for  the 
glideslope  maneuver. 


Figure  6-5  illustrates  the  outer  loop  or  deviation  loop  broken  as  in 


cccr.1  is Ktrr  tit  erm  /«o 


Figure  6-4,  but  the  autothrottles  were  removed.  As  can  be  seen  by 
comparing  the  two  figures,  airspeed  control  does  not  greatly  effect 
glldeslope  tracking  stabil  ity. 


Figure  6-6  is  a bode  plot  of  the  control  laws  of  Figure  6-1  broken  in 
the  inner  loop  or  at  the  servo.  All  outer  loops  are  closed.  This 
plot  is  indicative  of  the  inner  loop  or  elevator  activity  and 
stability  while  the  system  is  tracking  the  glideslope.  The  band- 
width and  stability  indicated  by  Figure  6-6  is  typical  of  good 
Category  II  glideslope  computations.  The  stability  margins  and 
bandwidth  are  summarized  in  Table  6-2.  Figure  6-7  is  the  same  as  Figure 
6-6  except  for  the  lack  of  autothrottles.  As  can  be  seen  airspeed 
control  does  not  effect  the  inner  loop  stability  or  bandwidth  to 
any  great  extent. 


Table..6r2.  Frequency  Response  Data 


J5 

GAIN  MARGIN 
(db) 

PHASE  MARGIN 
(deg) 

' BANDWIDTH 
(rod) 

OPENED 

LOOP 

CONFIGURATION 

6-4  " 

10 

51 

.175 

Radio 

Autothrottles 

6-$:: 

10 

48 

.2 

Radio 

No  autothrottles 

6-6 

10 

75 

.7 

Servo 

Autothrottles 

6-r 

10 

75 

.7 

Servo 

No  autothrottles 

i 

i 

i 


6.4  Performance 


To  evaluate  the  performance  of  the  glideslope  computations,  the  system 
was  simulated  on  the  EAI  680.  The  system  of  Figure  6-1  wa?  used  with  a 
simulation  of  the  Gulfstream  I aircraft  (approach  flight  condition). 

To  simulate  manual  airspeed  control,  the  autothrotcle  syste..i  shown  in 
Figure  6-2  was  used.  The  autothrottle  system  was  adjusted  to  give 
airspeed  control  similar  to  what  is  known  to  be  typical  of  manual 
operation.  Strip  chart  recordings  were  taken  using  radio  noise, 
vertical  wind  turbulence,  longitudinal  wind  turbulence  and  radio  steps. 


6.4.1  Radio  Steps 

Strip  chart  recordings  were  taken  for  step  changes  in  glideslope.  The'  } 
tecordings  illustrated  the  stability  of  the  glideslope  computations  when 
tracking  the  glideslope  beam.  The  glideslope  tracking  performance  had 
sufficient  stability  and  bandwidth.  The  responses  were  smooth  and  well  dampened. 


6.4.2  Vertical  Turbulence 

The  following  represents  the  2c  vertical  turbulence  transfer  function 
(ref.  5)  used  for  the  performance  simulation. 


where 


white  noise 


" K ! 
T+CLAJI  [ 


aa 


S » complex  variable  of  Laplacian  operator 
V = approach  speed  (200  ft/sec) 

L = vertical  scale  length  (30  ft.) 
og  = 1.3  deg  RMS  (2o  level) 


It  should  be  strongly  pointed  out  that  the  RMS  level  of  vertical 
turbulence  represents  a 2o  value.  In.  other  words , this  level  of 
turbulence  would  be  expected  on  only  5£  of  the  approaches  if  a random 
selection  were  made  over  a total  every  day  operation. 


For  the  assumed  flight  condition  this  model  corresponds  to  .15  sec. 
correlated  noise,  and  RMS  output  value  of  1.3  degrees  was  used  in  the 
simulation  effort.  At  an  airspeed  of  200  ft/sec  this  is  equvalent 
to  5.6  ft/sec  (RMS)  vertical  gusts.  System  response  to  wind  gusts  at  fixed 
distances  from  the  runway  is  suimarized  in  Table  6-3. 
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Table  6-3.  System  Deviations  to  Vertical  Gusts 


Gust 

Strength 
dec) RMS 


1.3 


Distance 

(nm) 

Airspeed 

(f/s) 

RMS 

Pitch 

(dog) 

RMs 

Pitch 

Command 

RMS 

Deviation 

(ft) 

RMS 

Altitude 

Ra  te 

(f/s)KMS 

7.46 

.12 

.103 

.233 

4 

1.75 

6 

.12 

.267 

.267 

6.67 

2.167 

4.54* 

.12 

.2 

.267 

4 

1.67 

5. 7-2. 2* 

.12 

0 
• 4- 

.3 

4.53 

2. 

Servo 
Conittand 
(don ) RMS 


.24 

.316 

.267 

.3 


‘typical  of  performance  in  the  linear  range  of  the  radio  progranmer 


The  performance  exhibited  indicates  no  problem.  Performance  capable 
of  Cat.  II  performance  has  been  achieved.  Servo  or  control  activity 
as  can  be  seen  from  Table  6-3  is  satisfactory. 


b.4.3  longitudinal  Gust  Performance 


As  was  the  case  for  vertical  gusts.  Reference  S provided  the 
following  2o  longitudinal  gust  transfer  function: 


white  noise  k ] uo 

lV(l/V)Sj 


where 


S " complex  variable  of  l.aplacian  operator 
L K longitudinal  scale  length  (600  ft) 

V » approach  speed  (200  f/sec) 
jug  - 6 ft/sec  RMS  (2o  level) 


An  RMS  output  of  6 ft/sec  was  employed  during  simulated  approaches. 
Again  data  runs  were  made  at  fixed  distances  inside,  outside,  and  at 
altitudes  corresponding  to  the  knee  of  the  radio  gain  programmer. 
Table  6-4  summarises  the  data  recoded. 
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Table  6-4.  System  Deviations  to  Longitudinal  Gusts 


Gust 

strength 
(f/s ) RMS 

Airspeed 

(ft/sec) 

RMS 

Pitch 

(deg) 

RMS 

Pitch 

Command 

(deg)RMS 

Deviation 

(ft) 

RMS 

Altitude 
Rate 
(f/s) RMS 

Servo 
Command 
(deg) RMS 

Distance 

(nm) 

1.5 

.266 

.88 

5.33 

2.0 

.267 

4.36 

6 

1.5 

.317 

.567 

12.0 

2.83 

.383 

6.0 

1.67 

.383 

.767 

13.3 

3.75 

.333 

7.64 

1.625 

.3 

.567 

7.65 

2.75 

.333 

3. 2-. 377 

♦typical  approach  condition 

From  Table  6-4  it  can  be  seen  that  the  system  tracks  the  glideslope 
beam  quite  well  during  the  longitudinal  turbulence.  Cat.  II  performance 
is  achieved.  Servo  or  control  activity  is  indicative  cf  that  known 
acceptable  from  past  experience  on  other  systems. 


6.4.4  Radio  Noise  Performance 

The  following  noise  model  was  used  to  estimate  system  performance 
in  the  presence  of  beam  noise: 


white  noise 


where 

S - complex  variable  of  Laplacian  operator 
x = 4 sec. 
ay  = 10  ua  RMS 

This  model  is  considered  a low  quality  Cat.  I facility. 

Table  6-5  summarizes  the  performance  from  some  of  the  recordings  for 
various  distances.  Table  6-5  illustrates  that  Cat.  II  performance  is 
achieved  and  servo  or  control  activity  is  not  excessive. 


K 

tS+l 


ay 


Simulation 

Output 


Table  6-5.  System  Deviations  to  Radio  Noise 


6.5  CONCLUSION 

Simulation  and  analysis  results  indicate  category  II  performance  can  be  ex- 
pected from  these  glideslope  control  laws.  In  addition,  these  control  laws 
have  been  shown  to  be  capable  of  a:ceptable  performance  when  glideslope 
captures  are  initiated  from  other  than  an  altitude  hold  mode.  This  capability 
may  be  considered  a first  step  to  area  navigation  aided  vertical  approach 
maneuvers. 
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